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Telecommunications transmission using optical fibres can
now be regarded as a mature technology. As a result, optical
fibres are freely available at relatively low cost and this
has led to an increasing interest in their use for other
applications such as sensing, signal-processing and various
fibre devices. There is also much interest in fibre-based

switching using non-linear optical effects.

However, whilst the great majority of experimental and
commercial applications currently employ telecommunications-
grade fibres, this policy frequently leads to a design
compromise, and in some cases makes the performance marginal
or even untenable, owing to excessive environmental
sensitivity. Consequently, attention is now being given to
the design of sensor fibres with enhanced (or depressed)
sensitivity to suit the particular application.

There are few special fibres currently commercially
available. Perhaps the best known is the highly-birefringent
fibrel both in polarisation-maintaining? and polarising3
form. Such fibres are extensively employed for polarisation
control in fibre gyroscopes and other sensors, and are also
under investigation for use in coherent communications
systems4 and in non-linear switching. The pace of development
is increasing, however, and a large number of other fibre

designs tailored to specific applications have been reported.



For example, the unusual propagation properties of Circularly-
birefringent fibres>:6 make them very suitable for magnetic-
field sensing. Work is also underway on metal/glass composite
fibres for the production of polarisers’ and Kerr

modulators® .

Considerable scope exists for modifying the properties of
silica fibres by incorporating suitable dopants to enhance a
given effect. Thus, the acousto-optic, magneto-optic, non-
linear and electro-optic coefficients, which are small in pure
silica, can be increased by adding various transition and
rare-earth ions®. Several laboratoriesl® are studying such
effects. However, it should be noted that, in general, the
greatest improvements in sensors, modulators and other devices
can be obtained by abandoning silica altogether as a host
material and employing compound glasses, infrared (Eg
chalcogenide) glasses or even polymers. The increase in loss
which may result from the use of alternative glasses is not
normally a problem, since several orders of magnitude
improvement in device sensitivity is attainable and only a few
metres of fibre are usually required.

Perhaps the most exciting recent development has been the
demonstration of lasing action at wavelengths of 0.652, 1.06,
1.08 and 1.536xm in single-mode fibres, by doping with sm3+,
Pr3t, Nd3* and Er3+, respectivelyl1,12.13,14 ghe losses at
the lasing wavelength in these fibres is so low that it has
been possible to construct lasers up to 1400m in length.

Apart from the obvious application of the fibres as sources
and amplifiers for communication and sensor systems, the
availability of a multi-pass, resonant, active device suggests
a number of sensor possibilities. Both ring-resonator and
Fabry-Perot laser devices have been built, with finesses of up
to 300. Consequently, a sensitivity enhancement of the same
order to acousfic radiation, for example, should be possible.
In addition, the availability of low-loss rare-earth-doped
fibres having controlled absorption and fluorescence
characteristics provides further opportunities for distributed




sensing by monitoring the variation of these parameters with

temperaturel?

It is clear that fibre fabrication technology is now able
to offer a number of attractive solutions to the unique
problems presented by alternative fibre applications. A wide
range of possibilities are available, including modified
telecommunications fibres which are bend resistant, metall®
and special polymer-coated!’ fibres, fibres with liquid
coresl8® or claddingsl!9, spun low?? and high2l birefringence
fibres and twin-core fibres22.

As examples of the potential for special fibre designs
for sensor applications, we will review here linearly and
circularly-birefringent fibres, metal/glass composite fibres
and rare-earth-doped fibres. 1In addition, recent developments
in non-silica based "soft" glass fibres will be outlined.
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