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54 Optical waveguide and irradiation device.

57 For laser-light irradiation, in particular of biological 
materials, using an optical waveguide (2) for 
transmitting laser light from a light source to an 
application site, several mutually independent light 
beams (14, 16) are transmitted through a single 
common optical waveguide in such a way that, on the 
input side (6) between the light source and the 
proximal end of the guide, several different coupling-
angle ranges (10, 12) are assigned, and on the 
output side (8) between the distal end of the guide 
and the application site, several different decoupling-
angle ranges (18, 20) corresponding respectively to 
the coupling-angle ranges are assigned. Each 
coupling-angle range and its associated decoupling-
angle range (10, 18 or 12, 20) is traversed by one of 
the mutually independent light beams (14 or 16).
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Optical Waveguide and Irradiation Device 

The invention relates to an optical waveguide 
device, in particular a medical applicator, according to 
the preamble of claim 1, and to an irradiation device 
for biological materials in particular by means of optical 
radiation, according to the preamble of claim 2. 

It is known that laser beams, in medical and other 
technical applications, produce different effects at the 
application site depending on their wavelength, mode 
of operation (continuous-wave, pulsed, or Q-
switched), and irradiation parameters, such as energy, 
intensity or radiation characteristics. For example, the 

-YAG laser has a 
predominantly coagulating effect on biological tissue, 
whereas longer-wavelength laser radiation has a 
predominantly cutting effect. If the different irradiation 
effects are to be achieved sequentially or 
simultaneously, each with appropriate dosing, in 
different partial zones of the application site, a difficulty 
arises in that, with known devices of the type in 
question, due to restricted space conditions - for 
example, in the lumen of hollow organs - only a single 
optical waveguide without switching or control 
capability at the distal end is available. As a result, 
such multifunctional application is possible only to a 
very limited degree, and then only by replacing the 
applicator system, including the optical waveguide, 
which is not always permissible and is, in any case, 
cumbersome to operate. 

The object of the invention is to design a device of 
the claimed type such that several different types of 
irradiation effects, each individually dosable, can be 
achieved in spatially separated sub-zones at the 
application site using a single optical waveguide in 
structurally simple ways and without control effort at 
the distal end. 

This object is achieved according to the invention 
by the optical waveguide device of claim 1 and the 
irradiation device of claim 2. 

According to the invention, several mutually 
independent light beams are transmitted by a single 
optical fiber in such a way that they are coupled into 
the proximal end at different coupling angles and, by 
making use of specific properties of the optical 
waveguide, emerge at the distal end in spatially 
separated decoupling-angle ranges, without requiring 
any separating or control elements for the emitted light 
beams. With the devices according to the invention, it 

is possible, solely through control at the proximal end 
- where, unlike at the distal end, sufficient space is 
available - to produce several different application 
effects, each individually dosable, either 
simultaneously or sequentially, in different sub-zones 
at the application site, which may optionally overlap. 
The invention is therefore particularly well suited for 
medical applications in confined treatment fields, 
where the overall therapeutic success depends on the 
synergistic effect of several different optical irradiation 
effects, in particular laser light effects, each of which is 
individually controllable. 

In a further advantageous embodiment of the 
invention, the coupling and decoupling-angle ranges 
according to claim 3 are preferably arranged radially 
symmetrically about the central axis of the optical 
waveguide, so that even in optical waveguides with a 
limited maximum aperture, the individual light beams 
can still be clearly separated without difficulty. For the 
same reason, according to claim 4, the light beams are 
advantageously coupled as convergent light cones 
focused on the entrance surface of the optical 
waveguide. For the separate transmission of light 
beams, at laser light wavelengths on the order of about 
3 μm to 2 μm, a conventional multimode optical glass 
fiber is completely sufficient as an optical waveguide, 
as preferred according to claim 5. 

The different individual effects of the light beams 
are preferably achieved according to claim 6 in that the 
light beams differ from one another in radiation power, 
operating mode, and/or wavelength, or are controllable 
independently of each another. In a particularly simple 
structural manner, the light beams are coupled 
selectively into the proximal end of the optical 
waveguide by a two-point control according to claim 7. 

For the different light beams, a multipart light 
source with several separate light generators is 
provided according to claim 8. According to a second, 
significantly simpler structural variant, a single-part 
light source with a downstream beam splitter is used 
to divide the light radiation into the individual light 
beams according to claim 9. In this case, for light 
beams of different wavelengths, a laser emitting 
multichromatic light radiation is preferably provided as 
the light source, and a prism that splits the laser 
radiation as a function of wavelength is provided as the 
beam splitter, according to claim 10. In a particularly 
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simple structural manner, selective control of the 
individual coupling-angle ranges with the associated 
light beams is achieved according to claim 11 by 
means of a switchable mirror or a similar light-
deflecting or light-blocking switching element, with at 
least one active switching position assigned to each 
coupling-angle range.  

The invention is described in greater detail below 
with reference to the exemplary embodiments 
schematically illustrated in the figures. The figures 
show: 

Fig. 1 shows an optical waveguide for transmitting 
two mutually independent light beams, including the 
respective, distinct coupling and decoupling-angle 
ranges; 

Fig. 2 shows an irradiation device with a 
selectively adjustable light deflector in the form of a 
prism arranged at the proximal end of the optical 
waveguide, for alternately directing the radiation 
emitted by a light source to different coupling-angle 
ranges; 

Fig. 3 shows an irradiation device with a beam 
splitter arranged between the light source and the 
optical waveguide, for splitting the light radiation into 
two parallel light beams that are coupled in and out at 
different angles; 

Fig. 4 shows an irradiation device with a single 
laser light source for simultaneously generating two 
wavelengths, including the coupling-side and 
decoupling-side beam paths; and 

Fig. 5 shows an irradiation device with a two-part 
light source for separate generation of light beams, 
including their respective coupling and emission 
characteristics. 

Fig. 1 shows an optical waveguide 2 in the form of 
a multimode single fiber with entrance and exit 
surfaces 6, 8 oriented perpendicularly to the optical 
waveguide axis 4, and an acceptance cone defined by 

-angle 
ranges are assigned to the optical waveguide 2 at its 
proximal end within the acceptance cone: an inner 
coupling-angle range 10, formed by a central cone 
coaxial with the guide axis 4 and directed toward the 
entrance surface 6, having a half apex angle , and an 
outer coupling-angle range 12, which surrounds the 
inner cone 10 in a ring shape and is bounded by 
conical lateral surfaces also directed toward the 
entrance surface 6 and coaxial with the optical 

d 
. 

Within each coupling-angle range 10 and 12, a 
convergent light beam is focused onto the entrance 

surface 6 of the optical waveguide 4, namely the cross-
hatched, axially symmetric central light beam 14 on the 
one hand, and the obliquely incident light beam 16 on 
the other. Due to the specific transmission properties 
of the optical waveguide 2, the central light beam 14 
emerges at the distal end of the guide within an axially 
symmetric output-angle range 18 corresponding to the 
coupling-angle range 10, while the oblique beam 16 
exits the optical waveguide 2 within an output-angle 
range 20 corresponding to the coupling-angle range 
12, as a ring-shaped beam, spatially separated from 
the central light beam. The sizes of the coupling-angle 
ranges 10 and 12 are to be chosen, taking into account 
the numerical aperture of the optical waveguide 2, so 
that the light beams 14 and 16 do not overlap at the 
distal end, while minimizing transmission losses. In this 
way, by means of control interventions at the proximal 
end of the optical waveguide 2, several independent 
beams 14 and 16, with different emission 
characteristics and, if desired, different wavelengths, 
can be applied simultaneously or successively to 
separate sub-zones 22 and 24 at the application site 
at the distal end, without the need to replace the optical 
waveguide 2. 

The irradiation device according to Figs. 2a and 
2b comprises, in addition to the optical waveguide 2 
shown in Fig. 1, a laser light source 26 and optics 
arranged between the source and the proximal end of 
the optical waveguide, including a focusing lens 28 and 
a light deflector 30 in the form of a prism, positioned 
directly in front of the coupling-side end surface 6 of 
the optical waveguide 2 and selectively pivotable into 
the beam path of the focusing lens 28. By means of 
this deflector, the convergent laser beam can be 
alternately directed into the axially symmetric, central 
coupling-angle range 10 (Fig. 2a) or into the obliquely 
offset outer coupling-angle range 12, thereby changing 
the emission characteristics at the distal end 8 of the 
optical waveguide in such a way that the laser radiation 
is emitted first into the central output coupling-angle 
range 18 corresponding to coupling-angle range 10 
and then, in the active switching position of the prism 
30, into the annular output coupling-angle range 20. 

In the irradiation device according to Fig. 3, a 
selectively controllable emission characteristic is 
achieved at the distal end 8 of the optical waveguide 2 
by a parallel lateral displacement of a laser beam 
generated by the laser light source 26 in front of the 
coupling-side focusing lens 28. As shown in Fig. 3, a 
beam splitter 32 is arranged in front of the focusing 
lens 28, which divides the laser beam into two parallel 
beams 14, 16, so that both emission characteristics 18 
and 20 are simultaneously present at the distal end 8 
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of the optical waveguide. If a selectively insertable 
mirror is used instead of the beam splitter 32, an 
alternating switching of the laser beam between the 
central and the annular cone-shaped output coupling-
angle ranges 18 and 20 can be achieved, in a manner 
similar to the device according to Fig. 2. 

Fig. 4 shows an irradiation device with a laser light 
source 26 that simultaneously generates radiation at 
two different wavelengths, for example 1.08 μm and 
1.32 μm. The laser radiation is first separated by 
wavelength by means of a prism 34. The radiation at 
1.32 μm (14) is then focused axially - i.e. within the 
central coupling-angle range 10 according to Fig. 1 - 
onto the proximal end 6 of the waveguide, while the 
radiation at 1.06 μm (16) is focused obliquely, i.e. 
within the coupling-angle range 12, onto the proximal 
end 6 by means of a reflector 36. As a result, the 
longer-wavelength radiation emerges at the distal end 
8 within the output coupling-angle range 18 and 
impinges on the central sub-zone 22 of the application 
site, whereas the shorter-wavelength 1.06 μm 
radiation is emitted from the distal end 8 with an 
annular, cone-shaped emission characteristic 20 and 
can act on the annular zone 24 of the application site. 

The irradiation device according to Fig. 5 
comprises a two-part light source with two lasers that 
are independently controllable for generating laser 
beams 14, 16 which differ, for example, in wavelength, 
operating mode, and/or power. One of these beams is 
coupled axially into the proximal end 6 of the 
waveguide within the coupling-angle range 10 
according to Fig. 1, while the other is coupled obliquely 
into the proximal end 6 within the coupling-angle range 
12 according to Fig. 1 by means of a mirror system 38. 
Depending on whether both light beams 14, 16 are 
coupled in simultaneously or with a time offset, either 
both emission characteristics 18, 20 can be produced 
simultaneously at the distal end 8 of the waveguide, or 
it is possible to switch alternately from one emission 
characteristic to the other. 

The described optical waveguide and irradiation 
arrangements are particularly suitable for medical 
laser applications using thin endoscopes or catheters. 
For example, in gastroenterology and pulmonology, 
thermally acting neodymium:YAG lasers, when used 
with a conventional optical waveguide, produce - upon 
perpendicular incidence of the laser radiation on the 
tissue - a circular irradiated area with a pronounced 
temperature maximum at the center of the area. With 
the devices according to the invention, however, 
targeted dosing of the two light beams 14, 16 - such as 
by simple switching of the coupling in accordance with 
Figs. 2, 3, or 5 - makes it possible to generate an 
annular irradiated area 24 independently of the central 

sub-zone 22, thereby achieving a substantially more 
uniform temperature distribution with a preferably 
coagulating effect on the biological tissue. If, on the 
other hand, a bloodless ablative or cutting effect of the 
laser beam is desired, both emission characteristics 
can be employed simultaneously. For example, with 
the devices according to Figs. 4 and 5, the tissue at 
the center of the application site is vaporized by the 
longer-wavelength laser radiation, while the 
surrounding ring zone 24 is coagulated by the shorter-
wavelength laser radiation. 
 
Claims 
 

1. Optical waveguide device, in particular a 
medical application part, for transmitting light waves, 
especially laser light, from a light source to an 
application site, 
characterized in that, 

for the transmission of several independent 
optical light beams (14, 16), a single common optical 
waveguide (2) is provided, and on the entry side 
between the light source and the proximal end of the 
optical waveguide (6), several different coupling-angle 
ranges (10, 12) are assigned, while on the exit side 
between the distal end of the optical waveguide (8) and 
the application site (22, 24), several different 
decoupling-angle ranges (18, 20) are assigned, each 
corresponding to one of the coupling-angle ranges, 
with each coupling-angle range and its associated 
decoupling-angle range (10, 18 or 12, 20) traversed by 
one of the independent light beams (14 or 16). 

2. Irradiation device for, in particular, biological 
materials by means of optical radiation, with an optical 
waveguide for transmitting light waves, in particular 
laser light, from a light source to an application point, 
and with optics arranged between the light source and 
the proximal end of the optical waveguide for coupling 
the radiation generated by the light source into the 
optical waveguide, 
characterized in that, 
several independent light beams (14, 16) are directed 
through the optics (28 to 38) into the entrance surface 
(6) of a single optical waveguide (2) in different 
coupling-angle ranges (10, 12) such that they exit 
separately at the distal end of the optical waveguide 
(8) in different decoupling-angle ranges (18, 20). 

3. Device according to claim 1 or 2, characterized 
in that, 
the input and associated output coupling-angle ranges 
(10, 18) are formed by an inner cone centered on the 
axis of the optical waveguide (4), which is enclosed in 
a ring shape by several conical lateral surfaces coaxial 
to the inner cone, each defining a further input or 
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associated output coupling-angle range (12, 20) with 

waveguide (2). 1 
4. Device according to claim 3 characterized in 

that,  
the light beams (14, 16) in the coupling-angle ranges 
(10, 12) are each formed as convergent light cones 
focused onto the entrance surface (6) of the optical 
waveguide. 

5. Device according to any one of the preceding 
claims, characterized in that, 
the optical waveguide (2) is a multimode optical fiber. 

6. Device according to any one of the preceding 
claims, 
characterized in that, 
the light beams (14, 16) differ with respect to radiation 
power. Operating mode and/or wavelength can be 
controlled in different ways or independently of each 
other. 

7. Device according to any one of the preceding 
claims, 
characterized in that, 
the light beams (14, 16) can be selectively coupled into 
the proximal end of the optical waveguide. 

8. Device according to one of the preceding 
claims,  
characterized in that, 
a multi-part light source (26.1, 26.2) is provided for the 
separate generation of at least two light beams (14, 16) 
directed onto the optical waveguide (2) at different 
coupling angles. 

9. Device according to any one of claims 1-7, 
characterized in that, 

a single light source (26) is provided and the 
optics include a beam splitter (32, 34) for splitting the 
light radiation into the individual coupling-angle ranges 
(10, 12). 

10. Device according to claim 9 characterized in 
that,  
the light source (26) is designed as a laser with several 
wavelengths simultaneously and a prism (34) is 
provided as a beam splitter to divide the laser light into 
monochromatic light beams (14, 16). 

11. Device according to any one of the preceding 
claims, 
characterized in that, 
the optics include at least one switchable light deflector 
(30, 32, 36, 38) with one or more active switching 
positions, each assigned to one of the coupling-angle 
ranges (10, 12). 
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