
1 OPTICAL SYSTEM FIELD OF THE INVENTION              The instant invention
relates to optical systems. 5BACKGROUND OF THE INVENTION          Most
communication systems involve a number of system-cards. Such cards are
usually manufactured as so-called printed circuit boards (PCBs). Usually,
some of the system-cards, which are called daughter boards, are 10
assembled together on a rigid and thicker PCB called the backplane or
mother board.          The daughter boards usually extend parallel with
each other and are interconnected together via the backplane, which extends
perpendicular to them. There are 15 several practical advantages to such a
configuration: Easy insertion, removal, and replacement of the
daughter-boards.          Because of the ever increasing requirements in
data rates, due for example to the Internet, the limits of using electrical
communications between the daughter-boards 20 through the backplane are
close to be reached. It becomes difficult to obtain good signal integrity
over the electrical lines traced within the backplane.          To respond
to this bandwidth demand, high speed systems are now being built with
optical layers (optical 25 fibres or planar waveguides) incorporated in
replacement of the electrically-conducting metal. Indeed, light does not
suffer from the same limitations as electricity. An optical layer is
disposed parallel to the average plane of the backplane. An optical
coupling device is used to 30 interconnect this optical layer with the
outside system-cards. Because light propagates in very thin layers (few
microns thick), a high precision is required to align and to maintain
aligned the optical coupling device with the optical layer of the circuit
boards.  2          It is known to glue the optical coupling device to the
optical board once this alignment is judged satisfactory. However, gluing
is not always satisfactory. Its 



5 reliability and life expectancy are not well known. In particular, this
attachment might unexpectedly loosen, because the environmental conditions
(mainly the temperature) at the backplane are demanding. To the contrary,
it might be difficult to remove the glued optical 10 coupling device, for
example for repair.          There is therefore a need to provide an
alternative way of fixing an optical coupling device to an optical circuit
board, which would still provide reliable optical connection. 15SUMMARY OF
THE INVENTION          It is provided a system comprising an optical
circuit board and an optical coupling device.          The optical circuit
board has a top face, a bottom face, opposed to the top face, and at least
one optical 20 layer, embedded between the top and bottom faces. The
optical layer has a first optical interface.          At least one cut-out
is formed in the top face. The optical circuit board has a reference layer
defining an X-Y plane. 25The optical coupling device has at least one
positioning member extending in a said cut-out, and having a bottom face
placed on the reference layer of the optical circuit board. The optical
coupling device further defines at least one optical path adapted to
transmit light between 30 a first optical interface and a second interface.
The first optical interface of the optical coupling device is optically
coupled to the first optical interface of the optical board.
The system further comprises a mechanical fixation 35 system attaching the
optical circuit board to the optical  3 coupling device. It comprises a
fixation pin extending through the optical circuit board at the positioning
member.              With these features, a reliable optical coupling is 5
achieved.          In some embodiments, one might also use one or more of
the features as defined in the dependent claims. 



BRIEF DESCRIPTION OF THE DRAWINGS Other characteristics and advantages of
the 10 invention will readily appear from the following description of
eight of its embodiments, provided as nonlimitative examples, and of the
accompanying drawings. On the drawings :  Figs. la, lb are top perspective
views of two 15 examples of optical systems,           Fig. 2 is a
sectional view, taken along line II-II of Fig. la, of an optical system
according to a first embodiment,  Figs. 3-7 are views similar to Fig. 2 for
other 20 embodiments of the invention,           Fig. 8 is a view similar
to Fig. 2 for a seventh embodiment,           Fig. 9 is a view similar to
Fig. 2 for a eighth embodiment, and 25- Fig. 10 is a partial enlargement of
a variant of Fig. 2.          On the different Figures, the same reference
signs designate like or similar elements. DETAILED DESCRIPTION 30Fig. la
partially shows a hybrid optical backplane or PCB 1, which is a layer stack
comprising several layers. Hereinafter this backplane 1 will also be
referred to as the layer stack 1. The layer stack 1 comprises a left-hand 



side waveguide structure 3, which comprises at least one 35 optical
waveguide 2 (10 optical waveguides per structure  4 are shown). The PCB 1
further comprises a right-hand side waveguide structure 3', which is for
example symmetrical to the left-hand side structure 3. The invention could
also be applied to PCBs having only one waveguide structure. The 5
waveguide 2 is positioned in a X-Y plane. The direction Y corresponds to
the symmetry axis of the optical waveguide structures. The direction Z is
defined normal to this X-Y plane. "Top", "bottom", "above" and "below" are
used by reference to the relative position of an optical device 4 10 with
respect to the PCB 1. The waveguide 2 or the waveguide structure 3 is
integrated or embedded in at least one of the layers of the layer stack 1.
Embedded waveguides 2 may be polymer waveguides, glass sheet waveguides or
waveguides obtained by embedded fibre technology, or the like. 15  Optical
signals, transferred to or from the mating optical device 4, such as an
optical device or optoelectronic device or an other PCB, (not visible on
Fig. 1, see Fig. 2), are provided over a first optical path 6 to the
waveguide 2 of the layer stack 1, which waveguide 2 20 provides a second
optical path 7 for the optical signal in the X-Y plane. In the present
example, also shown on Fig. lb, the optical device 4 comprises for example
a mechanical transfer ferrule ("MT-ferrule"). On figure 2, the optical
device comprises a housing (such as a high precision sleeve 25 21) in which
ends of optical fibres 22 extend in precisely defined relative locations.
Each fibre 22 comprises, at one end 22a directed toward the PCB, a first
optical interface. At the other end (not shown), the optical fibres
comprise another optical interface for interfacing 30 to another optical
transmission, emission or detection device.          In order to achieve an
optimal optical coupling between the first and second optical paths, that
are perpendicular to each other, a coupling device 8 is 35 provided for
alignment purposes. 5          In order to enable the optical signal to be
deflected between the first optical path 6 parallel to the Z direction and
the second optical path 7 parallel to the X direction, various approaches
may be taken. This is one of 5 these approaches which is schematically
illustrated in Fig. 2. Although only a perpendicular deflection is
illustrated, other deflection angles are possible as well.          The
waveguide 2 comprises a top cladding layer 10, a waveguide core 11 and a
bottom cladding layer 12. Layer 



10 stack 1 may comprise various other layers below and/or above the
waveguide 2. Such a layer is e.g. an epoxy layer 13, deposited below the
waveguide 2, or an epoxy layer 13' deposited above the waveguide 2.
Additional reference layers 23, 23' may also be provided. Such reference
layers 15 are rigid layers the position of which with respect to the
optical waveguide core layer 11 is very precisely known. This is known
either from a well-controlled manufacturing process, or by later imaging
(such as by detecting reference marks performed during the manufacturing 20
process). For example, these reference layers are made of metal (copper).
Moreover the layer stack 1 may comprise several waveguides 2 or waveguide
structures 3 in the Z direction. On Fig. 2, the deflection of optical
signals 25 between the first optical path 6 and the second perpendicular
optical path 7 is achieved by employing a mirror mount 17, which is placed
on the first and second optical paths. For example, the mirror mount 17
provides total reflection and comprises a continuous facet 14 angled 30 at
45 with respect to the X direction, and extending parallel to the Y
direction. The wording "mirror mount" 17 refers to any component able to
deflect an optical signal and thus refers e.g. to a grating or a prism as
well. The waveguide 2 is adapted to accommodate this mirror mount 17. 35 If
necessary the gap between the end of the waveguide 2 and  6 



the facet 14 through which the optical signal travels is filled with an
index matching material. Alternatively, a reflective layer is provided on a
facet of the waveguide structure 3. 5In the present symmetric embodiment,
the mirror mount 17 is also symmetrical with respect to the Y-Z plane.
Hence, the optical circuit board 1 comprises a first optical interface la
corresponding to the points where light from the waveguide core 11 exits
from the PCB 1 10(in the present case after reflection on the facet 14).
The layer 23' is removed over the facet 14, so that light exits the PCB
after reflection by the facet 14.          The optical circuit board 1
could also comprise a second optical interface, not visible on Fig. 2,
through 15 which the light running in the waveguide core 11 exits the
circuit board. Then at this second optical interface, this light is emitted
by a light emitting device, or is detected by a photo detector, or the
like. The use of one or more optical components 15 20 enhances or optimises
the optical coupling between the first optical path 6 and the second
optical path 7. For example, lenses or lens arrays are used to collimate
diverging light beams thereby avoiding optical loss. The optical connector
assembly further comprises a 25 coupling device 8. The coupling device 8
is, for example, a unitary piece manufactured by moulding a translucent
suitable material. The optical coupling device 8 comprises a bottom face 24
defining a first optical interface 25 which is optically coupled with the
interface la of the 30 PCB. The coupling device 8 further comprises a
second interface 26. An optical path is defined between the first and
second interfaces 25, 26 of the coupling device 8. Namely, light entering
the coupling device 8 at its first interface 25, coming from the interface
la of the printed 35 circuit board 1 is propagated through the coupling
device 8  7 to the second interface 26. The second interface 26 is
optically coupled to the interface 22a of the mating optical device 4. 



An area 18 of the optical device contains the 5 optical paths between the
interfaces 25 and 26. It may be provided with optical components 15, such
as a lens array, for optimising the optical coupling of the optical signals
of the waveguides 2 to/from the ferrule 4 through the coupling device 8.
The lens or lens array may form an 10 integral part of the coupling device
8.          The coupling device 8 comprises X-Y-reference means (not shown)
used for aligning the coupling device 8 in both the X-direction and the
Y-direction with the waveguide structure 3. This alignment is performed so
that the 15 coupling device 8 is positioned in the X-Y plane and so that
the first interface 25 of the coupling device 8 is directly above the
interface la of the PCB. Further, the coupling device 8 comprises
Z-reference means 19 to precisely define the height of the coupling device
with 20 respect to the optical layers of the PCB. The Z-reference means 19
cooperates with complementary Z-reference means 20 formed in a layer of the
layer stack 1. In general, the z-reference means 20 is applied in such a
layer at a predetermined height along the Z-axis relative to the 25
waveguide structure 3 so that, when these Z-reference means 20 co-operates
with the Z-reference means 19 of the coupling device 8, optimal optical
coupling is achieved between the PCB and the coupling device 8. Preferably
the Z-reference means 19 projects from the bottom face 24 of 30 the optical
coupling device 8.          Preferably the Z-reference means 20 are all
located in the same layer of the layer stack 1. In this embodiment, this
layer is the top face of the top layer 23' of the optical layer. It is
advantageous to use such an 35 internal layer of the PCB 1, since in that
case the Z-  8 reference means 20 can be applied simultaneously with or
subsequently to one of the process steps for manufacturing the stack. These
Z-reference means 20 can be accurately applied in the preferred layer by
using laser ablation or 5 photolithography. The Z-reference means 20
remains available for alignment if further layers complete the layer stack
1. This may be done by covering the Z-reference means 20 during subsequent
manufacture steps and making them available after the layer stack 1 is
completed. 10Hence, a cut-out 27 is formed in the top surface of the
printed circuit board 1.The cut-out 27 has a reference surface 28, formed
as the bottom of the cut-out 



27, at which the exact position along the axis Z with respect to the
waveguide core layer 11 is known with 15 sufficiently good precision. In
the example of Fig. 2, this reference surface 28 is provided as the top
face of the layer 23'.          The coupling device 8 comprises positioning
members 29 having a bottom surface 30 which lays on the reference 20
surface 28. For example, the positioning members 29 are provided as four
feet of the optical coupling device 8 provided in corners of the optical
coupling device (see Fig. 1). They project from the bottom face 24 of the
optical coupling device 8. They could also be provided 25 outside of the
area 18.          A mechanical fixation system 31 is shown on Fig. 2.
According to the example of Fig. 2, the mechanical fixation system 31
comprises a pin 32 extending through a through-hole 33 of the coupling
device 8, through a through-hole 34 30 of the PCB. The pin 32 is provided
as a separate part from the coupling device 8. The through-hole 33 is
formed during the moulding process, or is drilled afterwards in the moulded
coupling device. The through hole is formed in the PCB by any suitable
method. The pin 32 extends through 35 the positioning member 29 of the
coupling device.For  9 instance, the pins 32 are provided at a central area
of the positioning member 29. In the example shown, a mechanical system 31
is provided at each of the positioning members 29, although this is
illustrative only. 5In particular, the pin 32 extends from the top face 8a
of the coupling device 8 to the bottom face lb of the PCB. In particular,
the mechanical fixation system can comprise bearing surfaces 35 bearing
respectively on the top surface 8a of the coupling device 8 and on the
bottom 10 surface lb of the PCB.For example, the mechanical fixation system
is releasable.For example, in the embodiment shown on Fig. 2, the pin 32
has an integrated 



head 36 which comprises a bearing surface 35 which bears on the top face 8a
of the optical coupling device 8 and has an 15 opposite end 37 on which a
part 38 can be removably assembled. The part 38 comprises the bearing
surface 35 bearing on the bottom face lb of the PCB. For example, the pin
32 is a screw, and the part 38 is a bolt used for tightening on the bottom
face of the PCB. 20Alternatively, the bearing surface 35 is not applied to
the bottom face of the PCB, but to any face suitable to provide such a
fixation. Hence, the bearing surface 35 applied to the PCB could be applied
to a bottom face of any suitable intervening layer, such as the 25
reference layer 23, for example. A local cut-out in the bottom layer lb
could be provided to perform such a connection, as shown on the enlargement
of Fig. 10.          According to a method of fixation, the pin 32 with its
integrated head 36 is inserted from the top, first 30 through the
through-hole 33 of the optical coupling device 8, then through the
through-hole 34 of the PCB until its end 37 projects below the bottom face
lb of the PCB, and the bolt 38 is assembled thereto.
According to another embodiment, a reverse mounting 35 from the bottom face
of the PCB is also possible, with  10 bolting on the top face of the
optical coupling device.          Attaching the optical coupling device 8
to the PCB 1 at the Z-reference means 19, 20 (reference surface 28 and
positioning member 29) improves to a certain extent the 5 precision of the
Z-positioning. Further it enables not to affect the Z-position of the area
18 during fastening. In particular, no bending to the optical coupling
device 8 is caused by this method. Such bending would be undesirable, since
it would move the interfaces 25 and/or 26 out of 10 their optimal
Z-position. Further, the attachment is releasable, which is useful to
replace the optical coupling device, if necessary.          A second
embodiment of the invention is now disclosed with reference to Fig. 3. This
embodiment 15 corresponds to the embodiment of Fig. 2, with the difference
that the Z-reference layer 20 of the PCB is defined as a reference layer
23" provided directly over the top surface of the waveguide core 11. The
positioning members thus extend deeper into the cut-out 27 of the PCB. 



20 Using the top surface of the waveguide core 11 as a basis for the
Z-reference layer, the positioning along the axis Z is optimal, because
this positioning reduces the necessity to take into account the precision
of the method of manufacturing the layer 10 between the core 11 and the 25
coupling device 8.          According to a third embodiment, shown on Fig.
4, the Z-reference 20 in the PCB is provided as the top face of the bottom
layer 23 of the PCB. The positioning members 29 are provided longer than in
the previous embodiments, to 30 extend until their bottom face is placed on
the reference layer. Another benefit of this configuration is that, for
example when the PCB comprises compressible material, such as a plastic
layer forming the core and/or the cladding, 35 compression of these layers
could occur during the  11 connection of the mating optical device 4 to the
PCB 1, because too high a compression force is applied to perform this
connection. If this compression is not 100 % recovered after mating, there
is a risk of mis-alignment of 5 the components along the Z-direction. The
two above configurations enable to decrease the risk that such permanent
compression causes a permanent mis-alignment.          According to yet
another embodiment, shown on Fig. 5, the reference layer 20 is not
necessarily provided as a 10 bottom surface of a cut-out, but be provided
as a top surface of a projection 39 from a cut-out 27 provided in the PCB.
Alternatively, the projection 39 is provided as a separate object, distinct
from the PCB, and precisely positioned therein. 15Fig. 6 now provides an
alternative way for a mechanical fixation system 31.The various positions
of the Z-reference means 19 and 20 as discussed above in 



relation to Figs. 3 to 5, could also apply to the embodiment of Fig. 6.
According to Fig. 6, the mechanical 20 fixation system 31 comprises a
press-fit stud 40 extending through the holes 33 and 34. It differs from
the mechanical fixation system of Fig. 2 in that the pin 32 comprises
elastic members 41 which extend in the hole 34, and are biased by the
cylindrical surface 42 of these 25 through holes. A mechanical friction
occurs between the external surface of the elastic members, and the
internal surface 42 of the holes 34, to retain the coupling device 8 on the
PCB 1. In this example, the holes 33 and 34 are not necessarily through
holes. 30A sixth embodiment is now described in relation to Fig. 7.This
embodiment differs from the embodiment of Fig. 2 by the nature of the
mechanical fixation system 31. Various embodiments may also be implemented
with reference means as defined in Figs. 3 to 5. According to the present
35 embodiment, the mechanical fixation system does not use a  12 separate
part as the pin 32, but the pin 32 is integrally formed with the optical
coupling device 8. For example, the pins 32 are integrally moulded with the
optical coupling device 8. The pins 32 are provided on the 5 positioning
member 29.          Fixation on the bottom face lb of the PCB may be
performed by any suitable means such that a separate part 38 brought on the
bottom face of the PCB 1. Turning back to Fig. 2, once the coupling device
8 10 has been fixed to the optical circuit board 1 as described above, it
is necessary to align the optical device 4 to the optical coupling device 8
and the circuit board 1. In Fig. 2, the alignments of the optical device 4
to both parts are performed simultaneously, by using an alignment system
43, 



15 which in the present case, comprises pins 44 which extend along the Z
direction both through holes 45 of the PCB and 46 of the optical coupling
device 8, outside the area 18. The pins 44 thus project from the top
surface 8a of the optical coupling 'device and cooperate with through holes
or 20 recesses 47 of the optical device 4. This is also shown in relation
to Figs. 3 to 7.          Fig. 8 now shows a seventh embodiment of the
invention. Various embodiments may be conceived in combining one or more of
the features described in relation 25 to Figs. 2 to 7.          In the
embodiment of Fig. 8, the optical coupling device 8 comprises pins 147
which project from the top face 8a of the optical coupling device. In
particular, the pins 147 are integrally formed with the optical coupling
device 30 8 being for example, integrally moulded therewith. The optical
device 4 is identical to the one which has been previously described. Thus,
the alignment of the optical device 4 in the X-Y plane, with respect to the
coupling device 8 may be performed independently to the alignment in 35 the
X-Y plane of the optical coupling device 8 with respect  13 to the PCB 1.
According to the embodiment of Fig. 8, the optical coupling device 8
further comprises a surrounding wall 48 which projects from the top face 8a
of the optical coupling 5 device, and is adapted to surround, at least
partly, the optical device 4 during mating the optical device 4 along the
direction Z toward the optical coupling device 8. In particular, the
surrounding wall 48 comprises a face 49 facing radially inward, and
dimensioned so as to guide an 10 external complementary face 50 of the
optical device 4 during mating of the optical device 4 to the PCB 1. In
particular, the protection system 51 provided by the combination of the
guiding surface 49 and guided surface 50 provides at least one of the
following functions : 15 - To prevent tilting of the optical device 4 with
respect to the mating axis, thus protecting from bending or even breaking
one or more of the pins 47 (the wall 48 is more bend-resistant than the
pins 47);  To provide optical protection by isolation of 20 the optical
coupling between the second interface 26 of the optical coupling device 8
and the ends 22a of the optical fibres in a mated configuration, so as to
prevent light from the outside to be transferred through the PCB, and/or
To provide dust protection of these interfaces, 



25 so as to reduce the risk that opaque particles may enter the optical
system and prevent light transfer between the optical device 4 and the
coupling device 8.          These provisions may be also provided
independently of the way the coupling device 8 is attached to the PCB 1. 30
An eighth embodiment is now described in relation to Fig. 9. Various
embodiments may be conceived in combining one or more of the features
described in relation to Figs. 2 to 8.               As shown on Fig. 9,
the facet 14 is now provided 35 integral with the optical coupling device
8. For example,                                         14 it is integrally
moulded therewith. The fixation of the optical coupling device 8 to the PCB
1 is as explained above with reference to any of Figs. 2 to 8.Hence,
according to this embodiment, the optical interface la of  5 the PCB is not
provided as parallel PCB, but extends in the Y-Z plane. 26 of the optical
coupling device 8 to one another, as on Fig. one another.  10Another
difference compared to the embodiment of Fig. 2 (although this could be
provided independently from the first difference described above) is that
the PCB here is provided with two parallel optical layers 2 and 2'. Hence,
the system is not symmetrical with respect to the Y- 15 Z plane.
It will be clear to the person skilled in the art that, although the
description sometimes makes reference to light being transmitted from one
location to another, this is for the sake of clarity of the description
only, and 



20 that light could as well be propagated in the opposite direction
depending of the kind of applications, apart from the cases where it is
clear from the context that it is not possible.  15 CLAIMS 1. An optical
system comprising:  an optical circuit board (1) having: 5a top face, a
bottom face (1b;23), opposed to the top face,                    at least
one optical layer (11), embedded between the top and bottom faces, and
having a first 10 optical interface (la),                  at least one
cut-out (17) formed in the top face, and having a bottom reference layer
(20) defining an X-Y plane,  an optical coupling device (8) having: 15at
least one positioning member(19) extending in a said cut-out, and having a
bottom face (30) placed on the reference layer of the optical circuit
board,                  at least one optical path adapted to transmit light
between a first optical interface (25), 20 optically coupled to the first
optical interface (la) of the optical board, and a second interface (26), 



a mechanical fixation system (31) adapted to attach optical coupling device
to the optical circuit board, and comprising a fixation pin (32) extending
through 25 at least part of the optical circuit board (1) at the
positioning member (19).          2. System according to claim 1, wherein
the positioning member (19) has a central area, and wherein the pin extends
in the central area. 303. System according to claim 1 or 2, wherein the
optical coupling device has a top face (8a), opposed to the bottom face,
and wherein the pin (32) extends from the top face of the optical coupling
device, to the bottom face (lb) of the optical circuit board (1). 354.
System according to any of claims 1 to 3,  16 wherein the mechanical
fixation system (31) comprises a bearing surface (35) bearing on at least
one of the bottom face (lb) of the optical circuit board and of a top face
(8a) of the optical coupling device, which is opposed to 5 the bottom face
(30) of the positioning member.          5. System according to any of
claims 1 to 4, wherein the optical circuit board comprises a through hole
(34) and wherein the pin (32) extends through the through hole of the
optical circuit board. 106. System according to any of claims 1 to 5,
wherein the optical coupling device comprises a through hole (33) extending
from the bottom face of the positioning member to an opposed top face (8a)
of the optical coupling device, and wherein the pin extends through the
through 15 hole (33) of the optical coupling device.           7. System
according to any of claims 1 to 6, wherein the optical circuit board
comprises a through hole having an internal cylindrical face (42), and
wherein the pin (32) cooperates with the internal cylindrical face by 20
friction.           8. System according to any of claims 1 to 7, wherein
the pin (32) is integral with the optical coupling device. 



9. System according to any of claims 1 to 8, 25 wherein the mechanical
fixation system (31) is releasable. 10.An optical system comprising: an
optical circuit board (1) having: a top face, a bottom face (lb), opposed
to the top face, 30  at least one optical layer (11), embedded between the
top and bottom faces, and having a first optical interface (la),
at least one cut-out (17) formed in the top face, and having a bottom
reference layer (20) defining an 35 X-Y plane,  17  an optical coupling
device (8) having: at least one positioning member(19) extending in a said
cut-out, and having a bottom face (30) placed on the reference layer of the
optical circuit board,  5 at least one optical path adapted to transmit
light between a first optical interface (25), optically coupled to the
first optical interface (la) of the optical board, and a second interface
(26),  a releasable mechanical fixation system (31) 10 adapted to attach
the optical circuit board to the optical coupling device, and comprising a
fixation pin (32) extending through the optical circuit board (1) at the
positioning member (19).               11.System according to any of claims
1 to 10, 15 further comprising:           a MT-ferrule(4) having a first
optical 



interface (22a),           an alignment system (43) adapted to align the
MT-ferrule (4) on the optical circuit board (1), so that 20 the first
optical interface (22a) of the MT-ferrule is optically coupled to the
second optical interface (26) of the optical coupling device (8).
12.System according to claim 11, wherein the alignment system comprises at
least one recess (47) in the 25 MT-ferrule, and at least one respective pin
(147), complementary with the recess and integrally formed with the optical
coupling device (8).          13.System according to claim 12, wherein the
MT-ferrule has a guided surface (50) extending along a mating 30 axis
prependicular to the X-Y plane, and wherein the optical coupling device (8)
has a bend-resistant system (48) having a guiding surface (49)
complementary to the guided surface (50), and adapted to guide the
MT-ferrule along the mating axis. 3514.An optical system comprising:  18
a MT-ferrule (4) having a first optical interface (22a),           an
optical circuit board (1) having: a top face, 5a bottom face (lb), opposed
to the top face,                  at least one optical layer (11), embedded
between the top and bottom faces, and having a first optical interface
(la),                    at least one cut-out (17) formed in the top 10
face, and having a bottom reference layer (20) defining an X-Y plane,  an
optical coupling device (8) having: 



at least one positioning member(19) extending in said cut-out, and having a
bottom face (30) 15 placed on the reference layer of the optical circuit
board,                  at least one optical path adapted to transmit light
between a first optical interface (25), optically coupled to the first
optical interface (1a) of the optical board, and a second interface (26),
optically 20 coupled to the first optical interface (22a) of the
MT-ferrule,           a releasable mechanical fixation system (31) adapted
to attach the optical circuit board to the optical coupling device, and
comprising a fixation pin (32) 25 extending through the optical circuit
board (1) at the positioning member (19),           an alignment system
(43) adapted to align the MT-ferrule (4) on the optical circuit board (1),
wherein the MT-ferrule has a guided surface (50) extending along a 30
mating axis normal to the X-Y plane, and wherein the optical coupling
device (8) has a bend-resistant system (48) having a guiding surface (49)
complementary to the guided surface (50), and adapted to guide the
MT-ferrule along the mating axis. 3515.A system comprising:  19
an optical coupling device (8) having at least one optical path adapted to
propagate light between a first optical interface (25), adapted to be
optically coupled to a first optical interface (1a) of an optical circuit
board, 5 and a second interface (26),           a MT-ferrule(4) having a
first optical interface (22a) optically coupled to the second optical
interface (26) of the optical coupling device ,  an alignment system (43)
adapted to align the 10 MT-ferrule on the optical circuit board, and
comprising: 



at least one recess (47) in the MT-ferrule, and
atleastonerespectivepin(147), complementary with the recess, and integrally
formed with 15 the optical coupling device,  a protection system (51)
comprising:  a guided surface (50) of the MT-ferrule (4), extending along a
mating axis, and  a bend-resistant system (48) having a 20 guiding surface
(49) complementary to the guided surface, and adapted to guide the
MT-ferrule along the mating axis.          16.System according to any of
claims 13 or 15, wherein the guided surface (50) is an outer surface of the
MT-ferrule, and wherein the protection system (51) 25 comprises an inner
wall (48) surrounding the outer surface of the ferrule. 


