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Abstract

We experimentally demonstrate that the moving fibre-scanning beam technique is able to
compensate for imperfections in a phase mask and thus improve the quality of the resulting fibre
gratings. A 10 cm long ’uniform’ phase mask which normally produces gratings with a 0.23 nm
uncontrolled chirp has been corrected with our new writing technique to produce narrow band
gratings with 0.10 nm bandwidth.



Introduction: The production of high quality photorefractive fibre gratings with well-
controlled characteristics is of considerable importance as fibre gratings are now recognised
to have numerous potential key applications in telecommunications, sensors, as well as laser
systems. Currently, the two main approaches for grating fabrication are the holographic
method[1] and the phase mask[2,3] technique.

The use of phase masks for producing fibre gratings is attractive because of its
repeatability, while also offering considerably relaxed tolerances on the writing set-up, which
is especially important in the case of writing long fibre gratings[4,5]. Balanced against these
advantages, though, is that high quality phase masks, especially long masks, are expensive
and difficult to fabricate. This problem is further compounded by the fact that the Bragg
wavelength of the fibre gratings produced are dictated by the period of the phase mask, thus
requiring different masks to be used if fibre gratings are desired over a wavelength range.

The issue of imparting wavelength flexibility into the phase mask approach has been
partially addressed, with the use of a magnifying lens[6], or the recently introduced moving
fibre/phase mask-scanning beam approach[7]. The purpose of this current work is to
demonstrate experimentally that the latter technique is also able, for the first time, to
compensate for an imperfect phase mask by removing undesired chirp during the grating
writing process, thus enabling narrowband gratings to be still produced. This capability
should prove highly attractive from a practical point of view, since it now relaxes the
tolerance requirements on the phase mask itself, and so could open the way to using very
long phase masks for making ultralong fibre gratings.

Experimental Configuration: The experimental set-up is shown in Fig. 1. The UV
writing beam (244nm, 30 mW cw) is scanned at a rate of 250 um/s across a 10 cm long
zero-order nulled, 1070 nm period phase mask. The boron-codoped photosensitive fibre is
mounted on a PZT stage and placed in near-contact with the mask. The PZT stage, fitted
with closed loop position-feedback control, has a total travel of 20 um with +£0.5% linearity.
The noise equivalent motion of the PZT system was specified as 5 nm. The system is
computer-controlled, enabling us to program in various fibre velocities/wavelength shifts at
desired intervals during the scanning (writing) process. The reflection spectrum of the grating
was monitored during the writing scan, via a 3 dB fibre coupler with an erbium—doped_ fibre
amplifier (EDFA) as the broadband 1550 nm source, which proved very useful in identifying

the portion(s) of the mask which were chirped and needed correction.



Results: Scans across the phase mask (with the fibre stationary throughout) revealed
that the resulting fibre gratings had an undesired chirp, which were quite repeatable. Fig. 2
shows the transmission spectrum of the grating. The grating 3 dB bandwidth is 0.23 nm.
Close examination of the reflection spectrum while the grating was being written revealed
that most of the chirp came from a section of the mask 2-3 cm in length, situated near the
middle, for it was during this portion of the scan that the spectrum was observed to broaden
significantly by shifting to the shorter wavelength side.

To compensate for the undesirable broadening of the spectrum, a series of small
wavelength shifts was programmed into the grating by moving the fibre/PZT stage at the
appropriate time during the scanning process. The wavelength shifts, A\, are directly related
to the fibre velocity v, by AN = Av/v,, where N is the Bragg wavelength and v, the
scanning beam velocity[7]. The direction of these shifts were to the longer wavelength side,
to counteract the chirp from the mask. Fig. 3 shows the step-like velocity profile of the fibre
along the grating length during the scan. The largest velocity used, v, = 22 nm/s,
corresponds to a wavelength shift of just 0.14 nm. Although such small velocities can only
be approximate subject to the limitations of the equipment, it nonetheless proves to be
sufficiently effective in preventing the grating from becoming excessively chirped. Fig. 4
shows the transmission spectrum of the grating produced as a result of having these small
corrections imparted to it during the writing process. The bandwidth is now only 0.10 nm,
which is considerably narrower than the 0.23 nm bandwidth of the uncompensated grating.
In addition, it is worth noting that the peak reflectivity (90%) is now also higher, another
indication that a more uniform grating, which is both stronger as well as narrower in
bandwidth, has been produced by this compensating technique.

Conclusion: We have experimentally demonstrated that the moving fibre-scanning
beam technique is capable of compensating for imperfections in the phase mask during the
grating wrifing process. The approach should prove very attractive from a practical point of
view, alléviating the need for very high quality phase masks. This could be especially
important for the production of long gratings, where long phase masks would be required.
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Figure Captions

Fig. 1 Experimental configuration.

Fig. 2 Transmission spectrum of grating directly written from 10 cm long phase
mask.

Fig. 3 Velocity profile of fibre during scan to compensate for imperfect phase mask.
Fig. 4 Transmission spectrum of grating with compensating wavelength shifts.
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