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Abstract

Permanent gratings (refractive index modulation ~3x10* ) were written in tin-doped silica
optical fibres with low levels of SnO, (~0.15 mol %). In Ge-doped silica, ~10 mol% GeO, is
required to produce comparable photorefractivity under ssimilar conditions.
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Post-fabricatiormethods(such ashydrogen loading and flame brushing) and co-dogBigSn andrare
earths)have been used to increase the photosensitivisilio optical fibres [1] forthe production of
Bragg gratings. Compared khydrogen loading and flame brushing thee of Sn keeps the absorption in
the thirdtelecom window at..5pm low, is less time consumirand potentially cheaper. Tin alpoovides
better temperature stability of the grating than other techniques, e.g. boron co-dogengtirSbasbeen
used as a codopant to increase the photosensitivity of germanofljBai@ndphosphosilicate [4] optical
fibres. To ourknowledgepure SnQ@ doped silicate files havenever been investigated. this work we
showthat snall concentration$~0.15mol %) of Sn in theore of a silica fibre provide the means to write
permanent refractive indexgratings with ahigh degree of photosensitivity. A comparisovith
germanosilicate fibres shows that Gencentrations nearly two order of magnitudes higher are needed to
produce the same photorefractivity under similar UV irradiation in silica glass.dsiggd with only Sng
could potentially lead to the production of fibres with high enough photosensitivtyat the saméme
relatively low NA (0.1-0.12), thus compatible with standard telecom fibres.

The fibres used in the experiments were produ@®CVD (modified chemicalapourdeposition) by
depositing a soot rich in Sp@t 1300°C and then consolidating 4800°C. The fibre produced had NA ~
0.097and cut-offwavelengthA\c=1.36pum. The UV source was lrF excimerlaser(wavelengti248 nm)
which deliveredpulses of about 20 ns duratiaith a repetitiorrate of 20 Hz. Aphase-mask was used to
create the interference pattern for grating writing.

Fig. 1 shows thesvolution of the refractive index modulation as a function of exposune The
maximum refractive index modulation achieved in these preliminary experimasts 2.8-1¢% after an
exposure 0B.7 hours tqulses of 8amJ/cn?. Measurements at different fluenger pulse (i.eintensity)
show an initial growttrate which increases linearly with intensity, indicatitigat the photosensitivity in
our experiment is based on one-photon prodés Similar refractiveindex changes under the same
experimental conditions have been obtained in 48/, optical fibres with~10% of GeQ [6,7] and

alsowhen ashorter UV writingwavelength(193 nm) was used in a &ol % GeQ fibre [5]. Standard



telecom fibres (about 3% mol of Gglproduced index changeseorder of magnitude |0W€(I"2.6-1O5)
[8]. It has to beremarkedthat alsothe grating dynamics is different. The growth of the grating in
germanosilicate fibres faster than in ouexperiment. Irfact, asclearly seen fronfrig. 1, saturation was

not achieved even after very long exposures at a considerable UV fluence per pulse.
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Fig. 1. Dependence @n__, on UV laser exposure time in tin-doped silica fibres (pulse fluence 80 mdfating length

3.9 mm). Inset: reflection spectrum for 3.7 hrs exposure.

To understand better the results obtained with the fibres, we carried out absorgéisarements

before and after UV exposure on thin plates obtained from the preform used to produce the fibre. It is
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Fig. 2. Absorption spectra of a tin-doped silica optical preform slican@éthick) before and after KrF excimer laser

exposure (repetition rate 20Hz, energy 100 m3J/8@0° pulses).



clear from figure 2that the initial absorption (unexposed sample) spectrum is similahab of a
Ge0,:Si0, glass,with values comparable to those with 386l of GeG, [8]. Note that the peaks are
shifted toward slightlyonger wavelengths, in agreement with faet that Sn has wer band-gap than
Ge. Similarly to Ge@:SiO,, in the SnQ:SiO, glass after UV exposutbe~250 nm band ibleached and
there is an increase in absorptionamger wavelengths. However a negatlesorption change is present
in SnG,:SIOy below200 nmand wascompletelyabsent in Ge@SiO, down t0160 nm [6-8]. Kramers-
Kronig performed on the absorption changes measured in a thip: &6 accounts fotthe refractive
index changes in the optical fibres [6-8]. In our experiments the absorption change seems to be significantly
smaller and mostly negati@t least atwavelengths longethan 190nm) although theefractive index
change is positiveThis could be an indicatiothatthe photosensitivity in Sr¥XSIO, fibres is somehow
related to the fibre itself (fabricatiogeometry,stress...) and it isot only a consequence of material
properties.

In summary significant photorefrativity hégen achieved ipure SnGQ:SiO, optical fibres,even at
very low concentration of SO A comparison with GeQSiO, is presented and it shows two-orders of
magnitude greater photosensitivity (in terms of dopant concentragmofed tgroduce the same refractive
index modulation). Future work should lead to a better understanding hofv Sn enhances the
photosensitivity, fibres with greater Sn concentrationstanghigher index modulations. It is hopéuat
this researchvill lead to the production of highly photosensitivgtical fibres withlow loss atl.5 um and

compatible with standard telecom fibre (same NA).
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