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(57) Claim

1. A laser diode light source comprising at least two 
solid state laser diodes, a flexible optical fibre, and 
optical means, interposed between said diodes and said 
fibre, comprising means for combining the beams produced 
by said diodes into a combined beam and for focusing 
said combined beam into said fibre, wherein said optical 
means comprises an imaging means and ane.morphic beam 
shaping means arranged such that the optical means 
produces at the fibre end a magnified combined image of 
the laser stripes of said diodes, the magnification 
being less in the long direction of the image stripe 
relative to the magnification in the width direction and 
being chosen such that the image stripe size in its long 
direction does not substantially exceed the core 
diameter of the fibre, the anamorphic beam shaping means 
being arranged to adjust the relative numerical 
apertures of the combined beam along said long and width 
directions such that the numerical apertures in said two 
directions of the beam focused into the end of the fibre 
do not substantially exceed the numerical aperture of 
the fibre.
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(54)Title: SOLID STATE LASER DIODE LIGHT SOURCE
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(57) Abstract

A laser diode light so'-rce comprises at least two laser diodes (1, 2). The beams (3, 4) of the diodes (1, 2) are combined to­
gether by, for example, a polarising beam combiner (11) and the combined beam (18) is focused by a lens (19) onto an optical 
cable (20). The beams (3, 4) are also acted on in the long direction of the laser stripes of the diodes (1, 2) by anamorphic beam 
shaping means (7, 8; 9, 10) to reduce the length of the image formed at the end of fibre (20) by a predetermined factor, chosen 
such that the numerical aperture of the focused beam (18) in said long direction docs not substantially exceed that of the optical 
fibre (zu).
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SPLIT STATE LASER DIODE LIGHT SOURCE

The present invention relates to solid state laser 
diode light sources for use particularly, but not 
exclusively, in laser probes for treating tissue in 
applications such as laser angioplasty and contact laser

5 surgery.
Medical laser devices for the treatment of e.g. 

blocked arteries are well known. Laser energy is 
directed through an optical fibre so as to either 
directly irradiate and destroy tissue, or indirectly

10 irradiate and destroy tissue by heating a thermally
conductive tip which contacts and destroys the tissue.
In general, such devices have previously used gas lasers 
or solid state lasers such as Nd:YAG and as such are 
large and not easily portable. Semiconductor laser

15 diodes have been used in ophthalmic surgery which
requires relatively modest optical power (~1W) since 
they provide an inexpensive, compact and robust source 
of laser light. However they have not been applied to 
other areas of surgery where higher powers are required

20 because of the difficulty in coupling sufficient laser 
power from laser diodes into an optical fibre of 
sufficient flexibility and small diameter for use in 
surgical applications.

To provide a higher power laser diode light source
25 from an optical fibre it has been proposed to use a 

plurality of laser diodes.
In one system, the light from each laser diode is 

fed into a respective optical fibre, a plurality of 
which are then bundled together to produce the required

30 beam. However commercially available laser diodes
produce a stripe source of light (typically 100 x 1 μπι)
rather than a point source which meanf that relatively
large diameter optical fibres (which are traditionally
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circular) are required to contain the entire laser 
stripe, which if bundled together in sufficient numbers 
to give a suitable power output for surgical use, would 
result in an assembly which is too large for effective

5 use in conjunction with a medical or surgical probe such 
as an angioplasty device. It has been proposed to 
deform the end portion of a circular fibre into a 
generally oblong shape with the intention that the 
output of the laser stripe may be more effectively

10 captured and funnelled into a fibre of reduced diameter, 
but this is an expensive procedure and the funnelling is 
not energy efficient in practice.

According to a first aspect of the present 
invention there is provided a laser diode light source

15 comprising at least two solid state laser diodes, a
flexible optical fibre, and optical means, interposed 
between said diodes and said fibre, comprising means for 
combining the beams produced by said diodes into a 
combined beam and for focusing said combined beam into

20 said fibre, wherein said optical means comprises an
imaging means and anamorphic beam shaping means arranged 
such that the optical means produces at the fibre end a 
magnified combined image of the laser stripes of said 
diodes, the magnification being less in the long

25 direction of the image stripe relative to the
magnification in the width direction and being chosen 
such that the image stripe size in its long direction 
does not substantially exceed the core diameter of the 
fibre, the anamorphic beam shaping means being arranged

30 to adjust the relative numerical apertures of the
combined beam along said long and width directions such 
that the numerical apertures in said two directions of 
the beam focused into the end of the fibre do not 
substantially exceed the numerical aperture of the

35 fibre.
In accordance with the invention, the optical power

transmitted through the or each flexible fibre is



WO 91/12641 PCT/GB91/00207

- 3 -

increased with the result that a lesser number of fibres 
of smaller diameter may be conveniently bundled together 
to provide a source of sufficient brightness for e.g. 
surgical use within the size constraints imposed by an

5 angioplasty or other medical device. A source in 
accordance with the invention may have other 
applications, such as laser soldering irons in which 
laser light passed through an optical fibre provides the 
heat for the soldering process. In such an application,

10 the light from two laser diodes focused into a single 
optical fibre may provide sufficient power.

The invention enables the shape of the image to be 
optimised with respect to minimising the fibre core 
diameter without power losses arising due to numerical

15 aperture mis-match. The magnified image stripe is a 
better fit with the end of a fibre core. Whilst the 
absolute value of magnifications in the long and width 
directions may vary (provided that relative
magnification is less than one) depending on the

20 application concerned and the size constraints imposed
on the fibre, in many applications, it is desirable that 
the diameter of the or each fibre of such a source is 
minimized as far as possible without leading to power 
loss. In this case the optical means is effective to

25 reduce the size of the image with respect to the source 
in the long direction of the stripes consistent wit not 
substantially exceeding the numerical aperture of the 
fibre.

Commercially available laser diodes produce a beam
30 of light from a stripe source, the beam having a lower 

numerical aperture along the direction of the stripe 
than perpendicular to the stripe. Typical values would 
be O. INA and O.33NA respectively, which means that in 
the direction along the stripe, the numerical aperture

35 of the beam is substantially less than that of a
standard optical fibre, if, in the other direction, the 
beam and fibre numerical apertures approximately match 
one another.
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With a circular fibre core, the minimum diameter is 
set by the length of the image of the laser source 
stripes formed at the fibre end, since if the diameter 
is. less than the length of the image stripe, power will

5 be lost as a result of the fibre not intersecting all of 
the beam. Moreover an optical means which reduces the 
length of the image stripe will result in a
corresponding increase in divergence and thus in the 
numerical aperture of the combined beam focused onto the

10 fibre end, and it is important that the beam numerical
aperture does not significantly exceed that of the fibre 
if power loss is to be avoided.

As stated, in a preferred embodiment intended to 
minimise fibre diameter, the magnification provided by

15 the optical means is chosen to reduce the length of the 
image stripe formed at the end of the fibre with respect 
to the source stripes by a certain factor chosen such 
that the numerical aperture of the combined focused beam 
does not substantially exceed that of the optical fibre

20 and in the direction perpendicular to the stripes (in
which direction the beam thickness does not impose size 
constraints on the fibre) the preferred optical means 
may have unit magnification provided that the beam 
numerical aperture in that direction also does not

25 substantially exceed that of the fibre.
Thus, the core diameter of the fibre may be

correspondingly reduced with resultant practical 
advantages in many applications, particularly where a 
plurality of fibres need to be bundled together into a

30 closely packed array within certain size constraints.
In a particularly preferred embodiment the optical

means is arranged such that the numerical aperture in 
the long direction of the image stripe of the beam 
focused onto the fibre end approximately matches the

35 numerical aperture of the fibre. In this.way, a maximum 
demagnification of the image in the long direction 
relative to the width direction and thus maximum 
optimising of image shape with respect to fibre core
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diameter may be achieved without power losses arising as 
a result of the beam's numerical aperture exceeding that 
of the fibre. The beam and fibre numerical apertures 
preferably match in the width direction also. In a

5 preferred embodiment the optical means is arranged to 
decrease the length of the image stripe in the long 
direction relative to the width direction and increase 
the numerical aperture of the focused beam in the long 
direction by a factor of around 3. If the optical means

lu has no effect on the beam in the direction perpendicular 
to the laser stripes, then with known diodes as 
described above it will be seen that the numerical 
apertures of the combined beam focused into the fibre 
will be substantially equal in the directions parallel

15 and perpendicular to the stripe.
A preferred embodiment comprises means for

collimating the beams from the laser diodes (which are 
normally divergent) located between the diodes and the 
beam combining means. This enables location of the beam

20 combining means and, optionally, the beam shaping means 
between the diodes and the fibre without energy loss 
occurring as a result of beam divergence over the 
optical path between the diodes and fibre.

The preferred optical means comprises a collimating
25 lens, an anamorphic telescope e.g. a pair of anamorphic 

prisms and an imaging lens. Such an arrangement acts, 
in the manner of a cylindrical telescope with
magnification less than one in the long direction of the 
stripes relative to the width direction, whereby the

30 length of the refocused, combined image of the stripes 
is reduced by the desired factor, for example around 3, 
relative to the width whilst the numerical aperture in 
such direction is correspondingly increased. The 
anamorphic telescope first acts relatively to widen the

35 beam in this direction by a factor x, and. the imaging
lens produces an image which is relatively reduced by a 
desired factor. If the focal lengths of the collimating 
and imaging lenses are equal, the length of the
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refocused image will be relatively reduced by the same 
factor x although these focal lengths need not of course 
be equal and could be adjusted to vary magnification in 
both directions.

5 It will be appreciated that each beam may be
provided with such an arrangement, although certain 
components of the beam shaping means may be common to a 
number of beams. Thus in a preferred embodiment a 
single imaging lens is provided downstream of the beam

10 combining means and which acts therefore on a combined 
beam, with separate collimating lenses and anamorphic 
telescopes provided for the laser diode beams upstream 
of the beam combining means. However it is also 
envisaged that it may be possible to position a single

15 anamorphic telescope downstream of the beam combining 
means to act on the combined beam.

There are a number of ways in which the two laser 
diode beams may be combined. If the wavelengths of the 
beams differ by any substantial amount, then it may be

20 possible to use a dichroic beam combiner. However since 
in practice most laser diode sources emit light (e.g. 
infra red) of around the same wavelength, it is 
preferred that the beam combination is effected by a 
polarising beam combiner. A cube constructed from two

25 right angled triangula?r prisms having their respective 
hypotenuses in contact and coated in a dielectric 
material is a particularly simple form of polarising 
combiner. The beam from one source which is "S" 
polarised is incident upon the coated surface and

30 reflected therefrom, along the same path as the other 
beam, which is "P" polarised, is incident on another 
surface, of the cube and passes straight through the 
coated surface, to produce a combined beam. Preferably 
the outer surfaces of the cube have an anti-reflective

35 coating. Other forms of polarising beam combiners are
known.

The stripe shaped light beam produced by known
laser diodes is polarised in the direction parallel to
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the stripe axis. Accordingly if the laser diodes are so 
arranged as to produce images of the stripes which are 
aligned in +he same direction, the polarisation of one 
beam must be rotated by 90’ before it enters the beam 
combining means. In a preferred arrangement, this may 
be achieved by inserting a half wave plate in the path 
of one of the beams. The half wave plate may
conveniently be placed in front of a reflecting prism 
which reflects the respective beam onto the beam 
combining means. The use of the half wave plate could 
be avoided by mounting the diodes spatially in a 
mutually orthogonal arrangement. However, this 
complicates the mounting of the beam shaping and 
combining optics in that they have to be mounted 
orthogonally for the two beams.

As described above, a light source in accordance 
with the invention is applicable to any number of 
surgical applications for example contact laser surgery. 
It is also particularly suitable for use in a bundled 
assembly to provide an enhanced source for a body 
implantable probe such as an angioplasty device.

The invention extends to a light source comprising 
a plurality of light sources in accordance with the 
invention, with the optical fibres being arranged into a 
closely packed bundle. This bundle may for example 
comprise a pair of central fibres surrounded by a number 
of fibres. The bundle may be coupled in a suitable 
manner with a further optical fibre for delivery to a 
point of use. Where the source is butt coupled to the 
further fibre, the core diameter and numerical aperture 
of that fibre should preferably be equal to or larger 
than that of the array to transmit the light 
effectively. Similarly if it is to be imaged, the 
product of the core diameter and numerical aperture of 
the further fibre should preferably be equal or greater 
to that of the bundle.

The invention also provides a medical device 
comprising an optical fibre whose distal end is provided
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with means for heating body tissue, the proximal end of 
the fibre being optically coupled to a light source in 
accordance with the invention. This may be, for 
example, an angioplasty device having a body implantable

5 fibre.
A preferred embodiment of the invention will now be 

described, by way of example only with reference to the 
accompanying drawings, in which:-

Figure 1 is a plan view of a light source embodying 
10 the invention;

Figure 2 is a side view of the light source shown 
in Figure 1, and

Figure 3 shows, schematically, a plurality of light 
sources in accordance with the invention formed in a

15 closely packed array.
With reference to Figures 1 & 2, two 1W solid state 

laser diodes 1, 2 produce light beams 3, 4. Each laser 
diode in this embodiment has an emitting stripe of 100 x 
1 gm in a numerical aperture of 0.1 x 0.33. The beams

20 3,4 are collimated by collimating lenses 5, 6 and
passed through anamorphic telescopes in the form of 
anamorphic prism pairs 7,8,9,10. As can be seen from 
the Figures, the anamorphic prism pairs 7,8,9,10 act to 
initially increase the dimension of the beams 3,4 by a

25 factor of about 3 in the direction parallel to the 
stripe but do not affect them in the direction 
perpendicular to the stripe.

After passing through the anamorphic prism pairs 7, 
8,9,10 the beams 3,4 are combined in a beam combining

30 cube 11. Cube 11 is constructed from two prisms 12,13 
having their respective hypotenuses in contact. The 
interface 14 is provided with a dielectric coating so 
that it will transmit light which is 'P' polarised but 
reflect light that is 'S' polarised.

35 Since the light beams emitted by the laser diodes
1,2 will both be "P" polarised, at the cube 11, it is 
necessary to rotate the polarisation of one beam by 90°. 
To achieve this, the beam 3 is passed through a half
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wave plate 16 which is arranged on the front face of a prism 17 which reflects the beam 

3 onto the interface 14 of the beam combining cube 11.

The dielectric coated surface 14 of the cube 11 is transparent to the beam 4, whiui 

accordingly passes through the cube undeflected, but acts as a minor to the beam 3 which 

5 is reflected along the same path as beam 4 to produce a combined beam 18. This beam 

18 is then focused by an imaging lens 19 into a flexible optical fibre 20. The imaging 

lens 19 has the same focal length as the collimating lenses 5, 6 and acts, with the 

anamorphic prisms (7, 8, 9,10) to produce a combined image of the original light sources

1, 2 which

bij..
Ά'
-y • n 
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is of the same dimension as the originals in the 
direction perpendicular to the emitting stripe , but 
which is of a dimension in the direction parallel to the 
emitting stripe reduced by a factor equal to the

5 increase in thickness of each beam in such direction 
caused by the prisms. In this particular embodiment, 
the imaging lens 19 focuses the combined beam to a spot 
33 x 1 μπι of 0.3 x 0.33 NA at the input face of the 
optical fibre 20 which has a 50 μπι diameter (55 μπι with

10 cladding) of 0.37 NA.
It will thus be seen that the relative length of

the image of the emitting stripe of the laser diodes 1,2 
has been reduced by a factor of about 3, which means 
that the shape of the image is a better ma' , with the

15 fibre end and optical fibre 20 may have a
correspondingly reduced diameter. Moreover the 
intensity of the beam incident on the optical fibre 20 
is, disregarding losses, substantially double that of 
the beams produced by individual laser diodes. ,',lso the

20 numerical aperture of the source is closely matched with 
that of the optical fibre 20.

These factors mean that to produce a source of a 
given power relatively fewer and smaller fibres will be 
required, which is of particular importance in

25 angioplasty devices.
Fig. 3 is a top schematic view of a bundled light 

source which may be used with an angioplasty device.
The source comprises eight light sources 21 (only 

four shown) each similar to that shown in Figs. 1 and 2,
30 but with the half-wave plate 16 sandwiched between the 

beam shaping prism 10 and the reflecting prism 17 and 
with the prism 8 and the combining cube 11 spaced apart 

by a glass plate 22 provided therebetween.
The four shown sources 21 are mounted together

35 within the source housing 23 as a module 24. An
identical module consisting ot the other four sources is 
invertedly mounted beneath the module 24 shown.

The fibres 20 from the eight sources are bundled
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together so that two central fibres are surrounded by 
the other six fibres. Thi combined source is at 200 pm 
diameter and 0.37 NA, and allowing for coupling and 
transmission losses provides a 10W source.

5 The source from this bundle of fibres is then
imaged by ball lenses mounted in connector 25 into a 
single circular fibre 26, the other end of which is 
coupled to an optical fibre connector 27 mounted on the 
housing 23, to provide a light source with which a

10 further optical fibre of an angioplasty device may be 
coupled.

The fibre 25 is of sufficient diameter and 
numerical aperture for delivery of the light to a point 
of use such as the distal end of an angioplasty device.

15 The use of such a single circular fibre will also serve 
to remove at the distal end of the fibre any spatial 
structure in the light emitted from the array of closely 
packed fibres caused by variations in the emitted power 
from the individual fibres within the array and from the

20 discrete structure of the fibre bundle.
Where the source is butt coupled to the further

fibre, the core diameter and numerical aperture of the 
fibre should be equal to or larger than that of the 
array to transmit the light effectively. Similarly if

25 it is to be imaged, the product of the core diameter and 
numerical aperture of the further fibre should be equal 
or greater to that of the bundle.

As an example, the bundle source of this embodiment 
could be imaged with a magnification of 2 into a fibre

30 of 330 pm core and 0.19 NA which is suitable for use in 
angioplasty devices.

It will be understood by the person skilled in the 
art that the particular numerical values used in the 
above embodiments are used purely by way of example. It

35 will also be apparent that other amendments may be made 
which fall within the scope of the invention.
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Claims

1. A laser diode light source comprising at least two 
solid state laser diodes, a flexible optical fibre, and

5 optical means, interposed between said diodes and said 
fibre, comprising means for combining the beams produced 
by said diodes into a combined beam and for focusing 
said combined beam into said fibre, wherein said optical 
means comprises an imaging means and anamorphic beam

10 shaping means arranged such that the optical means
produces at the fibre end a magnified combined image of 
the laser stripes of said diodes, the magnification 
being less in the long direction of the image stripe 
relative to the magnification in the width direction and

15 being chosen such that the image stripe size in its long 
direction does not substantially exceed the core 
diameter of the fibre, the anamorphic beam shaping means 
being arranged to adjust the relative numerical 
apertures of the combined beam along said long and width

2 0 directions such that the numerical apertures in said two 
directions of the beam focused into the end of the fibre 
do not substantially exceed the numerical aperture of 
the fibre.

25 2. A laser diode light source as claimed in claim 1,
wherein the numerical aperture of said focused beam in 
said long direction of the source stapes substantially 
matches that of the fibre.

30 3. A laser diode light source as claimed in claim l or
2, wherein the size of the image in the long direction 
relative to the width direction is reduced by a factor 
of about 3.

35 4. A laser diode light source as claimed in any
preceding claim wherein the image stripe is demagnified
in the long direction relative to the source stripes.
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• 5. A laser diode light source as claimed in any
preceding claim wherein said optical means includes a 
collimating lens, an anamorphic telescope, and an 
imaging lens.

5
6. A laser diode light source as claimed in claim 5, 
wherein a single imaging lens is provided downstream of 
the beam combining means to act on said combined beam, 
and separate collimating lenses and anamorphic

3.0 telescopes are provided upstream of said beam combining 
means for each light beam.

7. A laser diode light source as claimed in any 
preceding claim, wherein said combining means comprises

15 a polarising beam combiner.

8. A laser diode light source as claimed in claim 7, 
wherein said laser diodes are orientated such that they 
emit beams polarised in the same direction, and said

20 combining means further comprises a half wave plate 
through which one of said beams passes prior to the 
combination of both beams in said polarising chamber.

9. A light source comprising a plurality of laser
25 diode light sources as claimed in any preceding claim,

said optical fibres being arranged into a closely packed 
bundle.

10 A light source as claimed in any preceding claim
30 wherein the numerical aperture of said fibre is 

approximately 0.37.

11. A medical device comprising an optical fibre, a 
distal end of the optical fibre being provided with

35 means for heating body tissue, and a proximal end of the
ex »-e_5p<2e±A iv'e p lU.i'oe.U-'ftj of opHtixl FibkC-i. Scicd ΑιΙοκς be.'n~g

eptioal—fribca—being optically coupled to a light source 
as claimed in any preceding claim.
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