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FIBRE LASER WITH PLATE SHAPED ACTIVE MEDIUM AND FIBRE GRATINGS

The invention relates to fibre-lasers, fibre-laser arrays and sensor systems

comprising fibre-laser arrays.

Fibre-lasers are frequently used in sensing applications, conditions (e.g.
temperature and pressure) of an environment surrounding the fibre-laser being
inferred from characteristics (e.g. polarisation, phase, Vwavelength) of radiation
output by the fibre-laser. For example, it is known to form a plurality of fibre-
'Iasers serially along the length of an optical fibre to produce a fibre-laser array for
use in a sensor system. Each of the fibre-lasers is arranged to have a different
signal wavelength. Pump radiation for the fibre-lasers is introduced into one end
of the optical fibre (the pump end) and means for recéiving and demultiplexing
the signal radiation of the various fibre-lasers is provided either at the pump end
or at the other end of the optical fibre. Characteristics of the signal radiation at a
particular wavelength provide information on environmental conditions at a
corresponding section of the optical fibre. This type of senéor system is often
employed in marine environments, with the optical fibre being towed along the

sea-bed by a ship or boat.

Such sensor systems. have two disadvantages resulting from the structure of
standard fibre-lasers. First, the pump power delivered to each laser varies along
the length of the fibre. Those fibre-lasers located towards the pump end of the

fibre receive higher pump powers than those located towards the other end of the

fibre. Signal powers from lasers located towards the pump end are.therefore
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greater than those from lasers located towards the other end of the fibre. As a
result, more complex processing of signal radiation from the array is required thanl
would bé the case if the pump power delivered to (and hence signal power
received from) each laser was substantially constant. Fithhermore, for a given
amount of pump power input to the optiﬁal ﬂ'bre, the number of lasers in the array
is limited to a greater extent than would be the case if the pump power absorbed
per unit !enéth of the fibre were to be substantially constant along the length of

the fibre.

Second, signal radiation from each of the lasers passes through the lasing volume
of one or more other lasers in the fibre-laser array. This results in a so-called
‘cross-talk’ problem, whereby signal radiation from one laser affects properties of
signal radiation from another laser. This can lead to incorrect inferences being

drawn about environmental conditions at a particular part of the fibre-laser array.

An object of the present invention is to provide a fibre-laser which ameliorates

these problems in sensor systems which comprise fibre-laser arrays.

According to a first aspect of the invention, this object is achieved by a fibre-laser
having a core incorporating a gain region characterised in that the gain region is a
substantially laminar volume which extends substantially parallel to the core’s

central longitudinal axis.

Fabrication of such a laser is made simpler if the gain region has substantially

plane parallel sides and passes through the central longitudinal axis of the core,
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and if, in addition, gratings of the laser are located within a laminar volume of
which the gain region is part, there is additional confinement of signal radiation,
further ameliorating the aforementioned cross-talk problem and providing

improved optical stability.

According to a second aspect of the invention, there is provided a fibre-laser array
characterised by a plurality of fibre-lasers of thé invention disposed along the
length of an optical fibre, the gain regions of said lasers having plane pafallel sides
and passing through the fibre’s central longitudinal axis, and arranged with
respect to one another such that the plane parallel sides of respective gain regions
lie in different planes. Such a fibre-laser array has a iIow level of cross-talk
between lasers and provides for each laser in the array to receive substantially the

same pump power.

According to a third aspect of the invention there is provided a fibre-laser array
characterised by a plurality of fibre-lasers of the invention, the ﬁbré-lasers being
co-located in a coﬁmon length of the éptical fibre, and each having a gain region
which passes through the central longitudinal axis of the fibre and which has
substantially plane parallel sides, the gain regions being arranged with respect to
one another such that plane parallel sides of respective gain regions lie in different
planes. Such a fibre-laser array allows monitoring of two or more environmental

conditions at a given position along the array.

By suitable choices of grating pitch and laser species, a fibre-laser array of the

invention may be arranged such that each fibre-laser therein operates at a
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different signal wavelength, or alternatively such that two or more fibre-lasers are

wavelength-degenerate.

A fourth aspect of the invention provides a sensor system characterised by a fibre-

laser array of the invention.

According to a fifth aspect of the invention, there is provided a method of
fabricating a fibre-laser of the invention, comprising the steps of
(i) forming a bundle of glass rods, a portion of the bundle being formed
of rods which are doped 4With a laser species;
(i) heating the bundle; and

(iif) drawing the heated bundle to form an optical fibre.

Embodiments of the invention are described below by way of example only and

with reference to the accompanying drawings in which:

Figure 1 shows an example of a sensor system of a known
architecture, the system comprising a fibre-laser array;

Figure 2 shows the core of a fibre-faser of the prior art;

Figures 3, 4, 5and 6 show cores of fibre-lasers of the invention; and .

Figures 7 and 8 -+ show a portion of the core a fibre-laser array of the

invention.

In Figure 1 a sensor system 10 of a known architecture comprises a fibre-laser

array 20 having a plurality of individual DBR fibre-lasers 21A, 21B, 21C,.....21N

PCT/GB2003/003124
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which have signal wavelengths Ay, As,... An respectively. The system 10 further
comprises a source 12 of pump radiation and a wavelength division demultiplexer
18 coupled to the arfay 20 by optical fibres 14 and 16 respectively. Signal
radiation from the lasers 21 of the array 20 is éoupled to the demuiltiplexer 18 and
demultiplexed into separate, 'single-wavelength channels at outputs 22A,
22B,.....22N of the demultiplexer 18. If the fibre-laser array 20 comprises prior-art
fibre lasers, then the array 20 and the system 10 are of the prior art; if the array
20 comprises fibre-lasers of the invention, the array 20 is a fibre-laser array of the

invention and the system 10 is a sensor system of the invention.

Figure 2 shows the core 200 of a prior-art fibre-laser which is typically used in thé
Figure 1 system, resulting in the aforementioned problems. The core 200 includes
a pair of refractive index gratings 251A, 251B written into the core 200 e.g. by
interference of two laser beams. The volume of the core between the gratings
251A, 251B is doped with a laser species. High index regions of thé gratings
251A, 251B are indicated by 252, although it will be appreciated by the skilled
person that the spatial modulation of refractive index within each of the gratings
251A, 251B is typically not in the form of a square wave. Both the gratings 251A,

251B and the laser species extend over the whole cross-section of the core 200.

Figure 3 shows the core 300 of a fibre-laser of the invention. The core 300 has a
structure similar to that of the core 200 of Figure 1; parts of the core 300 are
labelled by reference numerals which differ by a value of 100 from those labelling
equivalent parts in Figure 2. Only a fraction of the volume between the gratings

361A, 361B contains a laser species. Figure 4 shows a cross-section through the
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core 300 along the plane IV — IV in Figure 3. In Figures 3 and 4, a volume
containing a laser species (i.e. the gain region of the fibre-laser 6f which the core
300 is part) is indicated by 364, i.e. the gain region 364 is substantially planar and
faminar, and extends between the gratings 361A, 361B and passes through the
core’s central longitudinal axis. When the fibre-laser of which the core 300 is part
is operated by optical pumping, optical gain and hence signal radiation is
substantially confined to the plane of the gain region 364, forming a substantially

laminar lasing volume.

For the purposes of this specification, a laminar volume means a volume having a
first dimension which is much greater than its other two orthogonal dimensions;
and regarding the other two dimensions, one is substantially greater than the
other. For example the laminar volume 364 of Figures 3 and 4 has a (length)
dimension along the central axis of the core which may be of the order of several
millimetres or centimetres; regarding its two other dimensions"(shown in Figure 4)
one is substantially equal to the core’s diameter (a typical value for the core’s
diameter is 10 um) whilst the other is substantially less than this, e.g. less than or

equal to the radius (5 um) of the core 300.

The core 500 of a further fibre-laser of the invention is shown in Figure 5; Figure
6 shows a cross-section of the core 500 along é plane VI — VI in Figure 5. The
core 500 has a structure similar to that of the core 300 of Figure 3; parts of the
core 500 are labelled by reference numerals which differ by a value of 200 from
those labelling equivalent parts in Figure 3. As in the core 300 of Figure 3, a laser

species is present only in a substantially planar, laminar region (the gain region)
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574 passing through the central longitudinal axis of the core 500. In addition, the

core 500 comprises gratings 572A, 572B which are confined to the plane of the
gain region 574. Thus in a fibre-laser of the invention having a core 506, optical

feedback is limited to the plane of the gain region 574 in addition to optical gain

. being so limited. As a result, additional confinerrient of a lasing mode is provided

" in a fibre-laser of the invention having the core 500 compared to a fibre-laser

having the core 300.

A fibre-laser array comprising a plurality of fibre-lasers of the invention having
cores such as 300 or 500 and arranged along the length of a optical fibre such
that, when the fibre is straight and not squect to torsion, gain regions of the
respective fibre-lasers each lie in a different plane, is a fibre-laser array of the
invention. A sensor system having the architectufe of Figure 1 and comprising
such a fibre-laser array is a sensor system of the invention and ameliorates the
problems mentioned above. For example, Figures 7 shows a portion 600 of the
core of a fibre-laser array comprising four individual fibre-lasers each of which Has
a core structure as shown in Figures 5 and 6, i.e. both the gain regions and the
gratings of the fibre-lasers are confined to substantially planar, laminar volume.
The cores 601, 602 of two fibre-lasers of the array are shown in Figure 8. The
core 601 has reflective gratings 651A, 651B-and-a gain region' 664A which are
substantially confined to a laminar volume in a vertical plane. Similarly; the core
602 has reflective gratings 651C, 651D and a gain volume 664B which are
substantially confined to a laminar volume in a horizontal plane. Figure 8 shows
an end view of the core of the array; the plane 664B makes an angle o = 90° with

the plane 664A. The fibre-laser array comprises two further fibre-lasers having

PCT/GB2003/003124
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the same core structure as that of the fibre-lasers 601, 602 and disposed at
further positions along the array; gratings and gain regions of these fibre-lasers
are confined to planar, laminar volumes 664C, 664D which each make an angle of
45° with the plane 664A. From Figure 8, it may be appreciated that signal
radiation from a particular fibre-laser of the array overlaps very litte with the
lasing volume of any other ﬁbrejlaser of the array, and that each fibre-laser
receives a fraction = 2t/xr of the pump power introduced into one end of the
array, t being the thickness of gain volume of the array and r being the diameter

of its core.

In an alternative fibre-laser array of the invention two or more fibre-lasers of the
invention having cores such as 300 or 500 may be co-located in a single section of
an optical fibre such that when the fibre is straight and not subject to torsion, gain
regions of respective fibre-lasers each lie in a different plane. In a sensor system
of the invention comprising such a fibre-laser array of the invention, signal
radiation at two or more wavelengths may be received at an end of the fibre from
a single section of the optical fibre and processed simultaneously to give
information on two or more characteristics (e.g. temperature and pressure) of an
environment‘surrounding that part of the optical fibre. Alternatively, if two co-
located lasers have approximately the same signal frequency, the beat frequency

of the two lasers is useful, for example in high-speed temperature sensing.

A sensor system of the invention comprising a fibre-laser array of the invention
which incorporates individual fibre-lasers having a core structure as shown in

Figure 4 provides further amelioration of the aforementioned cross-talk problem
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compared to a sensor system of the invention comprising fibre-lasers having a
core structure. as shown in Figure 3; this is due to increased optical confinement
within fibre-lasers of the invention having core structures as shown in Figure 4
compared to those with core structures as shown in Figure 3. However both

sensor systems of the invention achieve the object stated above.

Fibre-lasers of the invention are fabricated using methods similar to those used to
fabricate photonic crystal fibres. To fabricate a fibre Iaser. of the invention, a
series of glass rods each 2-3 cm in diameter is formed into a bundle, fods making
up a central lamina of the bundle being dopéd with a laser species. The bundie is
then heated and drawn into a fibre = y100 pm in diameter. Gratings for providing
optical feedback are written into the core of the finished fibre using standard
techniques. If for example, interference of UV laser radiation is used to write the
gratings, rods which go to form parts of the core of the fibre-laser where the
gratings are to be located must be of a suitable (photorefractive) material. A
fibre-laser array of the invention comprising a series of individual fibre-lasers
disposed along the length of an optical fibre is formed by spl‘icing. several fibre--
lasers of the invention together using known methods. To fabricate an array in
which two or more fibre-lasers are co-located in a common length of optical fibre,
rods making up two or more central laminas of the bundle must be doped with a

laser species before the bundle is heated and drawn into a fibre.

In this specification, the term ‘laser’ in general. includes both laser amplifiers and

laser oscillators.
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The sighal wavelength of a fibre-laser of the invention may be selected by making

appropriate choices for the laser species and grating pitch thereof.
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CLAIMS

1. A fibre-laser having a core incorporating a gain region (364; 564) characterised
in that the gain region is a substantially laminar volume which extends

substantially parallel to the core’s central longitudinal axis.

2. A laser according to claim 1 wherein the gain .region has substantially plane

parallel sides and passes through the central longitudinal axis of the core.

3. A laser according to claim 2 comprising gratings (572A, 572B) for providing
optical feedback, the gratings being located within a laminar volume of which the

gain region is part.

4, A fibre-laser array characterised by a plurality of fibre-lasers according to claim
2 or daim 3 and disposed along the length of an optical fibre, the gain regions
(664A, 664B) of said fibre-lasers being arranged with respect to one another such

that plane parallel sides of respective gain regions lie in different planes.

5. An array according to claim 4 wherein each fibre-laser is arranged to have a

unique signal wavelength.

6. An array according claim 4 wherein the two or more of the fibre-lasers are

arranged to have a common signal wavelength.

PCT/GB2003/003124
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7. A fibre-laser array characterised by a plura!ity of fibre-lasers according claim 2
or claim 3 within an optical fibre, the fibre-lasers being co-located in a corﬁmoh _
length of the optical fibre and having gain regions arranged with respect to one
another such that plane parallel sides of respective gain regions lie in different

planes.

8. An array according to claim 7 wherein each fibre-laser is arranged to have a

unique signal wavelength.

9. An array according claim 7 wherein the two or more of the fibre-lasers are

.arranged to have a common signal wavelength.

10. A sensor system (10) characterised by a fibre-laser array according to any

one of claims 4 to 9.

11. A fibre-laser characterised by a core substantially as hereinbefore described

and illustrated in Figure 3 and Figure 4.

12. A fibreslaser characterised by a core substantially as hereinbéfore described

and illustrated in Figure 5 and Figure 6.

13. A method of fabricating a fibre-laser according to claim 1 comprising the
steps of
(i) forming a bundle of glass rods, a portion of the bundie being formed

of rods which are doped with a laser species;

PCT/GB2003/003124
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(i) heating the bundle; and

(iif) drawing the heated bundle to form an optical fibre.

14. The method of claim 13 further comprising the step of writing reflective

5  gratings into the fibre by interference of UV laser beams.
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