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Summary: Index change (~1.4x 107 of 3 times larger than in germanosilicate

fibres is demonstrated. Both fibre loss at 1.55 ym and high temperature stability

of the gratings are much improved comparing to those in B-codoped

germanosilicate fibres.
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Background: There has been a surge of interests in photosensitive fibre gratings in
recent years chiefly due to their ease of fabrication and numerous application.
Although very large photo-induced index changes have been achieved in pure
germanosilicate fibres, an enhanced photosensitivity is desirable to enable gratings
to be written with ease and with much cheaper laser source. Stronger
photosensitivity also opens up many new applications. Boron-codoping in
germanosilicate fibres has been reported to give a much enhanced photosensitivity
comparing to that in pure germanosilicate fibres [1], but gratings in those fibres
have a much poorer high temperature stability and the B-codoping can also give
rise to excessive loss at the important telecommunication window of 1.55 um.
Some post-fabrication techniques have also been devised, i.e. H,/O, flame-brushing
of a germanium doped fibre [2] and Low-temperature hydrogen loading (3], but
they are very time-consuming and there are also large induced losses [3]. In this
paper, we report on enhanced photosensitivity in Sn-codoped germanosilicate
fibres. The gratings in the Sn-doped fibres also have a much improved high
temperature stability than those in B-codoped fibres. Unlike B-codoping, Sn-
codoping does not introduce significant loss at the important telecommunication
window of 1.55 ym.

Experiments: Two Sn-codoped germanosilicate fibres were fabricated for this
experiment by introducing SnCl, vapour during a MCVD process. The first fibre
(fibre 1) had a NA of 0.20, first-order mode cut-off wavelength of 1.25 ym and loss
of 2 dB/km at 1.55 um. The second fibre (fibre I1) had a NA of 0.29, first-order
mode cut-off wavelength of 1.32 yum, and loss of 25 dB/km at 1.55 ym.

The absorption of the core glass in the first preform (preform I) was measured with
the technique described in [4] before and after an exposure to a line- narrowed
pulsed KrF excimer laser operating at 248.5 nm. The pulse duration was 20 ns and
pulse repetition rate was 20 Hz. The original absorption of the preform core shows
an tail of an absorption band centred below 190 nm with a peak at ~ 250 nm. (see
fig.1). The 248 nm exposure caused a general increase of the absorption, in
contrast to that in pure germanosilicate fibres where a reduction of the 240 nm
band is observed. The excimer laser induced loss at infrared was also measured in
fibre | after a 5 minute exposure. There was a relatively strong induced loss in the
near visible { ~ 0.44 dB/mm at 600 nm}, but virtually no induced loss above 0.9 yum.
A slightly stronger temporary induced loss was also noted during exposure, but
only a smaller permanent induced loss remained after the exposure.
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Fibre gratings were then imprinted in sections of the fibres using an interferometric
set-up. The pulse fluence was set at ~0.25 J/cm? for the grating writing. The
grating length was ~15 mm in length. The grating in fibre | reached ~100%
reflectivity within ~1 mins (i.e. ~0.3 kJ/cm?). After 30 minutes, the FWHM
bandwidth attained a saturation level of ~0.75 nm (see fig.2). An index change
of =~1.4x102 can be deduced from the grating. Fig.3 gives a comparison
between saturated photo-induced index changes deduced from.gratings written by
the interferometric set-up in fibres of the following core compositions,
A)SiO,/Ge0,, B)Si0,/Ge0,/B,0,, C)Si0,/Ge0,/Sn0,. The saturated photo-induced
index changes in the Sn-codoped germanosilicate fibre are comparable with those
in B-codoped germanosilicate fibres and are several times larger than those in pure
germanosilicate fibres. Although index change of ~1.2x 102 has been reported
in a pure germanosilicate fibre (depressed cladding PCVD fibre) [5], similar resuit
has not been repeated by other groups in very similar fibres. It must be pointed out
that the B-codoped fibre in which ~ 1.2 x 103 index change was achieved had a
very high loss of ~100 dB/km at 1.55 um. The results of high-temperature
stability tests for gratings in fibres with the three core compositions A) SiO,/GeO,,
B) Si0,/Ge0,/B,0,;, C) Si0,/Ge0,/Sn0, are shown in fig.4. The grating in a Sn-
codoped germanosilicate fibre (fibre |} is much more stable than that in a B-codoped
germanosilicate fibre.

Conclusions: A factor of ~3 larger photo-induced index changes have been
demonstrated, a result comparable to B-codoping. The gratings in the Sn-doped
fibres also have a much improved high temperature stability than those in B-
codoped fibres. Unlike B-codoping, Sn-codoping does notintroduce significantloss
at the important telecommunication window of 1.55 yum. Tin can also be easily
introduced in the vapour phase as SnCl, into the state of art optical fibre fabrication
process using vapour-phase deposition.
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Fig.1 The UV absorption spectra measured in the
Sn-codoped germanosilicate preform before
and after exposure to a KrF excimer laser
beam for 5 mins. The pulse fluence was
set at ~50 mJ/cm? for this exposure.

8 =3
7 E_ N T\
5 6 & laser off
s ¢
& Sk
:
4 L
3 i
O -
= 3t
q’ -
@ o
2 .. ......
1 ...........
0 R N TR TS VTS NS T U ST
0 10 20 30 40 50
Time (minutes)
Fig.2 Growth of a grating in fibre | when writing

with a KrF excimer laser at 20 Hz with a
pulse fluence of 0.25 J/cm?.
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Fig.3 248 nm-induced refractive index changes

in three types of fibres A)SiO,/GeQ,,
B)SiO,/Ge0,/B,0, and C)Si0,/Ge0,/Sn0O,.
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Fig.4 Decay of the UV-induced index changes at
elevated temperatures in fibres containing
A)Si0,/Ge0O,, B)SiO,/Ge0,/B,0, and
C)Si0,/Ge0,/Sn0,.



