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1A

PROCEDURE AND DEVICE FOR THE ASSEMBLY OF THE ENDS OF
OPTICAL FIBERS ARRANGED IN THE FORM OF A SHEET

The present invention relates to a procedure and
device for the assembly of the ends of optical fibers
arranged in the form of a sheet and, more specifically, to
such a procedure and such a device that allow the assembly
of such fiber sheets in order to connect them to
integrated optical components.

Such components include waveguides integrated in a
substrate, for which the ends of these waveguides need to
be connected to optical fibers. For example, a coupler
with m inputs and n outputs is connected to sheets of
fibers that contain m fibers and n fibers, r.spectively.
In accordance with a first procedure used to achieve this
connection, the axis of the end of each fiber is attached
and aligned, by micromanipulation, with the axis of the
end of the corresponding waveguide, and the respective
positions of these ends are stabilized with the aid of an
adhesive product.

This procedure, which requires the micromanipulation
of each of the fibers, is obviously a long and therefore
costly procedure.

In order to speed up the connection operations, it has
been proposed that the corresponding ends of a fiber sheet
be unified beforehand, in accordance with a configuration
that conforms to the configuration of the ends of the
waveguide in the integrated optical component, and then
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connecting simultaneously, by means of a single glueing
operation, the ends of the fibers and the corresponding
guides.

This proposal raises the difficulty of the preceding
unification of the ends of the fibers, in such a way that
these ends are aligned in a rectilinear way in accordance
with a positioning arrangement that is not subject to
deformation, with a spacing that is consistent with that of
the ends of the waveguides to which the ends of the fibers
are to be connected.

For this purpose, it has been proposed that these ends
be positioned in parallel grooves in a substrate, with the
spacing of these grooves being identical to that of the
ends of the waveguides. 1In this context, a substrate with
grooves that have a V-shaped cross section is known, in
which each fiber rests against the two sides of the groove
that receives it, with the overall assembly of these
grooves being covered by a plate glued to the substrate in
contact with the fibers.

This structure allows the desired rapid assembly to be
obtained. However, it has tke disadvantage of being
hyperstatic as soon as is used to assemble more than two
fibers. The presence of a parasitic particle between a
fiber and one side of a groove, or between a fiber and the
plate, can then interfere with the perfect alignment of the
ends of the fibers in the sheet thus formed. A fault in
the alignment of any one of the fibers also perturbs
equally the alignment of the other fibers. With fiber
sheets assembled in this way, the manufacturing defect rate
is high, with a resulting increase in manufacturing costs.

Consideration has also been given to the idea of
guiding the fibers through aligned circular channels in a
single substrate, then immobilizing the fibers in these
channels through the application of an adhesive.
Unfortunately, because the diameter of such channels must
be larger than that of the fibers, such an assembly is
necessarily hypostatic. Consequently, neither the
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alignment nor the coplanarity of the assembled fibers can be ensured.

The use has also been proposed of substrates with grooves that have an
essentially rectangular cross section, at the bottom of which the fibers are affixed
by glueing. In this case, the grooves must be significantly wider than the
diameter of the fibers, in order to allow the fibers to be applied against the bottom
of the grooves, to the detriment of the transverse guiding of the fibers.
Furthermore, a parasitic particle located between a fiber and the bottom of a
groove can cause the pivoting of a pressure plate on the portion of the fiber that is
located outside the groove, to the detriment of the regularity of the embedding of
the other fibers in their respective grooves.

Thus, the goal of the present invention is to provide a procedure and a
device that make it possible to pre-assemble, in line and with precision, the ends
of several optical fibers arranged in the rorm of a sheet, with a low manufacturing
defect rate and therefore with reduced manufacturing costs that are compatible
with the financial constraints imposed on high-volume industrial production.

According to the present invention there is provided a procedure for the
assembly of the ends of optical fibers having stripped ends and arranged in the
form of a sheet, in accordance with which an adhesive product in the liquid state
is deposited in a plurality of equidistant, parallel, rectilinear grooves a portion of
ends of the fibers extending beyond the grooves formed in a flat surface of a
substrate and each of the stripped ends of the fibers in the sheet is introduced
into a corresponding groove; the ends of the fibers are contained within the
grooves with the aid of a plate affixed to the support which contains these
grooves, wherein while the adhesive product is still in the liquid state, the entire
assembly of the ends of the fibers that extend beyond the grooves is pressed
against a facing flat portion of the plate that extends from the substrate, and by
the fact that this pressure is maintained unti the adhesive product hardens and
the plate is glued.

Thus, the flat portion of the plate constitutes, for the group of assembled
fibers, a reference surface that ensures excelient alignment of the fibers, as a

result of the planarity of the said portion.
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The transverse positioning of each fiber in its groove is ensured by its
contact with two flanks of this groove along planes that are perpendicular to the
surface of the substrate in which the groove is formed. Thanks to this transverse
guiding, the spacing of the fibers and the regularity of this spacing can be
determined with precision.

To implement this procedure, a device is used that includes:

a) A cradle that receives the grooved substrate;

b) Means for depositing an adhesive product, in the liquid state, in the
grooves of the substrate;

c) Means for placing the stripped ends of the optical fibers in a sheet of such
fibers in the grooves in which the adhesive product has been deposited;

d) Means for covering the grooves in which the adhesive product has been
deposited and the fibers with a plate, and for holding this plate against the
substrate; and

e) Means for pressing the entire assembly of ends of the fibers extending
beyond the grooves against a facing flat portion of the plate that extends from the
substrat2 until the adhesive product hardens.

The above-mentioned pressure means advantageously include a lip made
of an elastic material located close to and transversely in relation to the ends of
the fibers that extend from the substrate, and means for shifting the position of
this lip between a first position that is distanced from the said ends and a second
position in which the lip presses the ends against a flat surface of the plate.

Thus, the procedure makes it possible to obtain fiber sheets that are
assembled with the aid of substrate that includes a plurality of equidistant,
coplanar, and parallel grooves, each of which is provided with a hardened
adhesive product and with the stripped end of one of the fibers, and a plate glued
against at least the grooved portion of the substrate, with the above-mentioned
stripped ends of the fibers all being distanced from the bottom of the grooves and
applied against a flat portion of the plate glued against the substrate, with said flat
portion thus defining the depth to which the fibers are embedded within their

respective grooves.

SC CAWINWORD'SIMONEYWORK\ 1610C93 £'OC




-5-

Other characteristics and advantages of the present invention will become

clear from a reading of the following description and an examination of the

attached drawings, in which:

- Figures 1 to 3 illustrate several successive stages in the assembly procedure in

accordance with the invention;
- Figure 4 is a perspective view of a grooved substrate used in the procedure in

accordance with the invention;
- Figure 5 is a schematic cross-sectional view of the fibers assembled in
accordance with this procedure, which is useful in connection with the description
of the procedure; and
- Figure 6 is a diagram that illustrates the connection of the leading edge of a
sheet of fibers, assembled in accordance with the invention, to an integrated
optical component.

Reference is made to figures 1 to 3 in the attached drawings, in which
Figure 1 illustrates a preliminary stage in the assembly procedure in which a
sheet of n optical fibers [1i] (where i=1 to n) is formed under a protective coating

[2i], by arranging the ends of the plurality of such fibers (for example, up to
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several hundred fibers) parallel to one another in a single
plane and by temporarily stabilizing the ends of the fibers
by pressing the assembly between two blocks (3] (4] that
extend over the entire width of the fiber sheet thus
formed. Preferably, one of the blocks includes parallel
coplanar grooves (not shown), whose spacing is essentially
the same as the spacing in accordance with which the ends
of the fibers are to be assembled, with each groove
receiving a fiber under the protective coating and with the
other block closing the groove. Temporary assembly means
(not shown) hold the two blocks [3] [4] against each other,
thereby forming a sheet-holder that allows subsequent
manipulations of the sheet. As shown in Figure 1, the ends
of the fibers [1i]) are then stripped through the removal of
part of the protective coating [2i] near the end of each

fiber.
“The stripped ends of

the fibers are then introduced and affixed within the
parallel and equidistant grooves formed on one surface of a
substrate [5] in the form of a small bar, as shown in a
perspective view in Figure 4 and in a cross-sectional view
in figures 2 and 3. As shown in Figure 4, the support
includes a plurality of rectilinear grooves [6,] [6:] etc.,
in a quantity equal to the number of fibers to be
assembled, and a step [7]) designed to hold an adhesive
intended to affix portions of protective coatings for the
fibers adjacent to the stripped ends of these fibers, as
explained below.

Returning now to Figure 2, it can be seen that the
substrate [5] is located in a holding cradle [(8). When the
fiber sheet is manipulated with the aid of the sheet-holder
{3] [4], all of the fibers ([1i] are simultaneously
introduced into the corresponding grooves [6i] in the
substrate [5), which grooves were coated beforehand with an
adhesive product [9] in the liquid state. The cradle has a
support surface [10] for the sheet-holder [3] ([4], with
this support surface being positioned in such a way that




10

20

25

30

-7-

the axes of the ends of the fibers are essentially coaxial with the corresponding
grooves [6i] when the sheet-holder is placed on said surface [10], as shown in
Figure 3.

Figure 3 is a schematic view of all of the means that make up the device
necessary for the implementation of the procedure. Thus, the device includes, in
addition to a reception base plate [11] for the cradle [8], means (not shown) for
coating the grooves [6i] of the substrate [5] with ad adhesive product [9] in the
liquid state, means for manipulating the sheet-holder [3] [4] in order to place the
stripped ends of the fibers in the sheet in the grooves coated with the adhesive
product, and means [12] for subsequently covering the grooves [6i] with a plate
[13] in such a way as to hold the fibers in the grooves. The means [12] press the
plate [13] against the support [5] with a force sufficient to establish a layer of
adhesive between the plate [13] and support [5] having a thickness of about 20

microns.
The device also includes a lip [14] that extends transversely in relation to

the fiber sheet, to the right of the stripped portions of these fibers located facing a
flat portion [13'] of the surface of the plate [13] that extends from the substrate [5].
Means (not shown) allow this lip to be shifted selectively between a first position
in which the lip is distanced from contact with the fibers and a second position
(shown in Figure 3) in which the lip [14] simultaneously presses the assembly of
fibers [1i] against the flat portion [13'] of the cover plate [13], which is held
immobile agzinst the substrate [5] by means [12].

This device is used to assemble the ends of the fibers in precise, rigidly
fixed positions in relation to cne another, in accordance with a rectilinear
alignment and in accordance with a spacing consistent with that of the ends of the
waveguides formed in an integrated optical component. To do so, after the ends
of the fibers [1i] have been ~assed through grooves [6i] that have been coated
with an adhesive product ii « « liquid state, and after the substrate [5] has been
covered with the plate [13] and the said plate [13] has been pressed and held in
the covering position, the lip [14] is actuated so that it shifts into its second
position, while the adhesive product with which the groove has been coated is still
liquid. Then the lip is held pressed against the fibers until the adhesive hardens,

SC C\WINWORD\SIMONE\WORK! 1 1610C%$ DOC
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with the fibers being pressed by the lip [14] against the flat portion [13'] of the
plate [13]. Once the adhesive had hardened, the ends of the fibers [1i], in
association with the substrate and the plate [13], form a rigid block in which the
fibers are very precisely positioned in relation to one another, as will now be
explained in connection with an examination of Figure 4.

(nis figure shows a portion of a cross-sectional view of the grooved
substrate [5]; the plate [13]; and the grooves [64] [6,] [65] of the substrate,
provided with the fibers [14] [1,] [13). The adhesive product fills the space
between the walls of the grooves and the fibers, on the one hand, and the space
between the plate [13] and the substrate [5], on the other hand.

A fiber conventionally consists of a central core [1a] and a peripheral
sheath [1b] which, rest on the one hand on the flat portion [13"] of the plate [13]
and, on the other hand, on two sides [6a] [6b] of the corresponding groove,
essentially perpendicular to this surface. As an example, in the case of a single-
mode fiber, the diameter of the core of the fiber can be 10 um and the diameter of
the sheath can be 125 um. The sheath can be surrounded, rather than by a
groove, by a protective coating 250 pm in, diameter, equal to the spacing of the
grooves [6i] in the substrate [5]. The contact between a fiber and the flat portion
[13'] of the plate [13] and the two sides [6a] [6b] of a groove ensure the accurate
positioning of the fibers in relation to one another, in accordance with the two
degrees of freedom of the fibers in the plane of the section shown in Figure 2.

In fact, because all of the fibers rest against the flat portion [13'], they are
aligned perfectly parallel to the surface of this flat portion, and are distanced from
the bottoms of the grooves, which therefore do not determine their alignment.
Furthermore, the grooves are slightly everted outwardly, with their sides being
deflected by 2 to 4 angular degrees, for example, from a plane perpendicular to
the surface [13']. When the fibers are immersed in the liquid adhesive in the
grooves, they penetrate the adhesive at the largest portion of the groove, thus
forcing toward the sides of the groove the liquid adhesive that rises from the
bottom of the groove as a result of the immersion of the fiber. This adhesive-
channeling effect results in a pre-centering of the fiber in the groove, with the
flanks of the groove guiding the descent of the fiber into the groove. The width of

SC C\WINWORD\SIMONE\WORK\11610C9$ DOC




the openings of the grooves is slightly greater than the diameter of the fibers, and
the inclination of the flanks is such that the fibers can descend into the grooves
when they are introduced into the grooves, while being guided by the sides during
this descent and also during their reascent (if any) as caused by the pressure of
the lip [14] that brings the fibers into contact with the flat surface [13'] of the plate
[13].

Thus, the fibers can be positioned accurately in accordance with their two
degrees of freedom in relation to the sides [6a] [6b] of the grooves and in relation
to the flat portion [13'] of the plate [13]. The conformance of this position with that
of the ends of the waveguide in an integrated optical component is therefore
essentially a function of the accuracy with which the planarity of the portion [13’]

of the plate [13] and the transverse positioning of the sides [6a] [6b] of the

grooves in the

SC ¢ WINWORD'SIMONE\WORK:11610C?$ DOC




10

15

10

substrate [5] are assured.

In this regard, the plate may be made of glass, because
today it is known how to obtain a surface on such a plate
that has a planarity equal to or greater than 0.5 .m per
cm.

To create the subst...:- ! shown in Figure 4, a block
of glass can advantageous.y < utilized whose thermal
expansion coefficient is identical or close to that of the
glass plate, and in particular a block made of FOTOFORM
(registered trademark) photosensitive glass, as described
in the catalogues of applicant's company. On the flat
surface of such a block, for example, with a 3 mm x 6 mm
cross-section and with a step 7 mm x 3 mm wide, in
accordance with conventional means and with the aid of a
photosensitive resin, a mask can be formed that reproduces
accurately the form and spacing of the openings of the
grooves [6i] on this surface. Then, by exposing the masked
surface to ultraviolet radiation, the unmasked portions are
ceramicized to a certain depth. These unmasked portions
are then ready for chemical milling through treatment with
hydrofluoric acid, which creates grooves in the ceramicized
portions. In this way everted grooves are obtained whose
flanks are inclined at an angle of approximately 2 to 3
degrees, which, as noted above, is advantageous.

With the aid of a substrate manufactured in this way,
the assembly procedure in accordance with the invention
takes place as described below. First, a certain number of
fibers (for example, 108) are placed in a protective
coating in a sheet-holder [3] [4] at a spacing of, for
example, 250 .m. The ends of the fibers [1i] are then
chemically stripped and then inserted simultaneously iato
grooves [6i], previously coated with adhesive, in the
substrate [5]. The adhesive-coated grooves are ithen
covered with a plate [13] and held in position with the aid
of means [12], thereby forming a flexible pressor. In this
position, the adhesive product is subjected to
polymerization under ultraviolet radiation, for
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approximately one minute at a temperature of 20 degre=s C,
at the recommended wavelength. Then the ends of the fibers
[6i], the plate [13], and the substrate [5] are
appropriately assembled rigidly in relation to one another.

This way, it has been possible to assemble groups cf
more than 100 fibers with spacing of 250 + 0.3 .m, using
single-mode fibers whose sheath-to-core concentricity is
better than 0.1 .m. In this assembly, the grooves in the
substrate, where they come into contact with the fibers,
have a width of 125 + 0.5 .m and a depth of 120 * 3 .m.

The center of the fibers is located approximately 40 .m
from the surface of the substrate [5]. A layer of adhesive
apprcximately 20 :m thick thus separates this surface from
the surface of the facing flat portion [13'] of the plate
[(13). Such a thickness is sufficient to prevent the
delamination of the plate, when the adhesive product
consists of an epoxy resin that undergoes radical
polymerization when exposed to ultraviolet radiation. An
adnesive layer from 0 to 0.5 .m thick separates each fiber
from each of the adjacent walls [6a] [6Db].

In particular, as shown in Figure 2, the plate [13] has
a step (14] that faces the step [7] of the substrate (5]
during the assembly procedure. The ends of the protective
coatings of the fibers near the stripped ends of the fibers
are then held between these two steps, which are thus
separated by a distance that is essentially equal to the
diameter of the protective coatings. The step [7] (as
shown in Figure 2) and, optionally, the step [14] can be
provided with adhesive beforehand, in order to ensure the
immobilization of the protective coatings [2i] between
these steps.

The resulting block should then be cut or sectioned
along a cross-sectional plane [P], as shown in Figure 6,
facing the surface of the substrate (5] from which the
stripped fibers extend. The p:ate [P] is inclined by
approximately 6 to 15 degrees from a plane perpendicular to
the axes of the fibers in the substrats grooves, for a
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reason indicated below.

The cutting or sectioning of the block [5], the fibers
[1i], and the plate [13] is followed by the polishing of
the cutting plane, with a view toward the connection of the
leading edg~= of the sheet thus formed to an integrated
optical component ({15]. This connection is achieved in
accordance with the procedure shown schematically in Figure
6. The sheet-holder [3] [4] can be disengaged beforehand
from the fiber sheet and may optionally be replaced by a
flexible protective strip. As an example, the surface [16]
of the component [15] includes a plurality of waveguides
embedded for example in accordance with a known ion-
exchange technique involving a mask. Before the connection
is made, the surface [17] of the component [(15] to be
applied to the cut and polished surface of the leading edge
of the shzet is itself cut along a counter-inclined cross-
sectional plane, so as to allow the in-line connection of
the fibers in the sheet and the corresponding waveguides in
the component [15]. Thus, because this component is held
by a pressor (18] against a cradle (not shown), the leading
edge of the sheet [5] [1i] [13] is affixed to an arm ([19]
that has an aspiration chamber [20] that is kept under a
vacuum by means of a connection to a vacuum source (not
shown). The arm is part of a micromanipulation device that
allows the leading edge of the sheet to be brought very
accurately into position against the surface ([17] of the
component [15], so as to center the axes of the ends of the
fibers on the axes of the corresponding ends of the
waveguides. Once an ootimal positioning has been achieved,
the leading edge of the sheet is affixed in the plane [P]
against the component [15] with the aid of a suitable
adhesive product, which is applied in the form of two
transvarse beads [21] [22]. These operations are repeated
with another fiber sheet at the other ends of the
waveguides in the components, in order to form an
integrated optical component that is provided with all of
the fibers necessary for the connection of its inputs and
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outputs to other components in an optical device that includes the said

component.
The operations for centering the fibers on the corresponding waveguides

of the integrated optical component take place, through the optimization of a light
power tisat is then transmitted from the waveguides to the fibers, or vice versa,
through their facing ends. Advantageously, in accordance with the invention, the
passing light flows are optimized, during the centering operation, in the fibers
located at the two edges of the sheet and in the corresponding waveguides.
Measurements have made it possible to determiine that this procedure also
results in excellent cer_wtering of all of the intermediate fiber/waveguide pairs.

The connection of the leading edge of the sheet [5] ([1i])
(13] with the integrated optical component [15], along the
plane [P, inclined by 6 to 15 degrees in relation to the
axis of the fibers, makes it poussible to minimize the
magnitude -f parasitic light reflections at the ends of the
fibers and guides, on both sides of the adhesive that joins
them. Otherwise these reflections would cause the return,
along the axis of these fibers and guides, of optical
signals that could perturb the useful signals to be
transmitted, particularly in the case of single-mode fibers
and waveguides.

It now appears that the present invention allows the
desired goal to be reached, i.e., to acquire a procedure
for the assembly of fibers in a sheet that allows the
stripped ends of these fibers to be joined integrally, in
accordance with an exact rectilinear alignment and accurate
spacing, so that the fibers can be connected to an
integrated optical component. The assembly operations lend
themselves to automation, do not require micromanipulations
on the fiber level, and therefore are rapid. The procedure
allows large fiber sheets to be formed that can include as
many as 400 or more fibers, for example, and which can then
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be subdivided on demand, by cutting, so that individual
sub-assemblies can be obtained that contain 4, &, 16, etc.,
fibers, for example, as necessary for example for
connections with couplers that have a corresponding number
of outputs.

This subdivision makes it possible to eliminate sub-
assemblies that have at least one fiber with faulty
alignment. Faulty alignment can be caused by the presence
of a foreign particle between a fiber (for example, fiber
(1.] in Figure 5) and the surface of the flat portion [13')
of the plate [13]. 1In such a case, the fiber ([1.] is
embedded more deeply in its groove than the adjacent fibers
are, and therefore displays faulty alignment. In this
regard, it should be noted that a fault of this type in
fiber [1,] does not have any repercussions on the
positioning of the adjacent fibers. Therefore, if several
individual fiber sub-assemblies are obtained by cutting the
fibers, only the sub-assembly that contains the misaligned
fiber needs to be rejected, contrary to what happens in the
so-called "hyperstatic" assembly procedures in the prior
art, as described in the introduction to the present
specification. As a result, the productivity of the
procedure in accordance with the invention is clearly
greater than that of the procedures in the prior art,
inasmuch ds the fibers in the rejected sub-assemblies can
be recovered and used, for example, in the inputs of 1-to-N
couplers.

Of course, the invention is not limited to the
embodiment described and represented here, which has been
cffered only as an example. Thus, the flexible lip [14]
may consist of a metal filament sheathed inside a tube of
flexible material, with the assembly being mounted on a
fixture that is caused to pivot in order to shift the lip
from one to another of thase two positions. Likewise,
materials other than mineral materials can be selected to
form the substrate (5] and the plate [13]. For instance,
the grooves [6i] can be milled chemically in a block of a
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metal alloy, for example, whose thermal expansion
coefficient is close to that of glass. The adhesive
product utilized can be charged with 0.3 um particles of
silica in order to increase its viscosity and to decrease
the thermal expansion coefficient of the adhesive, and
optimally to bring it close to that of glass. Furthermore,
the invention is not limited to the assembly of single-mode
fibers in the form of a sheet, and of course is also
applicable to assemblies of multi-mode fibers. Similarly,
procedures other than photolithography, such as for example
ion-beam cutting or etching, can be used to form the
grooves in the substrate [5].




-16-
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A procedure for the assembly of the ends of optical fibers having stripped
ends and arranged in the form of a sheet, in zccordance with which an adhesive

5 product in the liquid state is deposited in a plurality of equidistant, parallel,
rectilinear grooves a portion of ends of the fibers extending beyond the grooves
formed in a flat surface of a substrate and each of the stripped ends of the fibers
in the sheet is introduced into a corresponding groove; the ends of the fibers are
contained within the grooves with the aid of a plate affixed to the support which

10  contains these grooves, wherein while the adhesive product is still in the liquid.
state, the entire assembly of the ends of the fibers that extend beydnd the
grooves is pressed against a facing flat portion of the plate that extends from the
substrate, and by the fact that this pressure is maintained until the adhesive
product hardens and the plate is glued.

s 2. A procedure in accordance with Claim 1, wherein the transverse
positioning of each fiber in its groove is ensured by its contact with two sides of
this groove, which are close to planes that are perpendicular to the surface of the
substrate in which the groove is formed.

3. A procedure in accordance with claim 1 or clain 2, wherein the flanks of a

20 groove are located essentially within planes that are inclined in relation to one
another by a half-angle of approximately 2 to 4 degrees.

4. A procedure in accordance with any one of the preceding claims wherein
after the adhesive product hardens, the substrate, the plate, and the fibers are cut
along a plane that is inclined by 6 to 15 degr'ees' in relation to a plane located

25 perpendicular to the axes of the fibers, and the surfaces of the substrate, the
fibers, and the plate thus exposed are then polished.

5. A procedure in accordance with Claim 4, wherein after assembly, the
substrate and the plate are cut or sectioned in at least one plane perpendicular to
the alignment of the ends of the fibers, so as to form at least two sub-assemblies

30 that contain predetermined numbers of fibers.

6. A device for the implementation of the procedure in accordance with Claim
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a) A cradle that receives the grooved substrate;

b) Means for depositihg an adhesive product, in the liquid state, in the
grooves of the substrate;

c) Means for placing the stripped ends of the optical fibers in a sheet of such
fibers in the grooves in which the adhesive product has been deposited;

d) Means for covering the grooves in which the adhesive product has been
deposited and the fibers with a plate, and for holding this plate against the
substrate; and

e) Means for pressing the entire assembly of ends of the fibers extending
beyond the grooves against a facing flat portion of the plate that extends from the

substrate until the adhesive product hardens.

7. A device in accordance with Claim 6, wherein said pressor means include
a lip made of a flexible material located close to and transversely in relation to the
ends of the fibers that extend from the substrate and means for shifting this lip
between a first position distanced from said ends, and a second position in which

the lip presses these ends against said flat portion of the plate.

8. A sheet consisting of fibers assembled in accordance with the procedure in
accordance with Claim 1, including a substrate that contains a plurality of parallel,
equidistant, and coplanar grooves, each of which contains a hardened adhesive
product and the stripped end of one of the fibers, with a plate being glued against
at least the grooved portion of the substrate, wherein the said stripped ends of the
fibers are all distanced form the bottom of the grooves and applied against a flat
portion of the plate glued against the substrate, with this flat portion thereby

defining the depth to which the fibers are embedded in their respective grooves.

9. A sheet in accordance with Claim 8, wherein the substrate and the plate
also include facing steps of an appropriate size to receive portions of fibers
located inside a protective coating located immediately adjacent to the stripped
ends of these fibers, with the portions inside the coating being glued near these

steps.
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10. A sheet in accordance with Claim 8 and Claim 9, wherein the grooved
substrate is obtained through the masking and chemical miling of a

photosensitive glass.

11. A sheet in accordance with any one of claims 8 to 10 wherein the adhesive
product is an epoxy resin that undergoes radical polymerization when exposed to

ultraviolet radiation.

12. A sheet in accordance with any one of claims 8 to 11 wherein a layer of
adhesive product with a predetermined thickness joins the grooved portion of the
substrate to the facing flat portion of the plate.

13. A sheet in accordance with any one of claims 8 to 12 wherein the stripped
ends of the fibers are flush with a flat, polished surface of the substrate and of the

plate, which surface is inclined by 6 to 15 degrees in relation to the axis of the

fibers.

14. A sheet in accordance with any one of claims 8 to 13 wherein the optical

fibers are single-mode fibers.

15.  Integrated optical component including at least a plurality of integrated
waveguide ends aligned on one surface of the component, wherein a sheet of
optical fibers in accordance with Claim 8 is glued to the component in such a way

that one end of each fiber in the sheet is connected optically to a corresponding

end of a waveguide in the component.

16. Component in accordance with Claim 15, wherein the fibers are centered
on the corresponding waveguides through the equilizc ‘ion and optimization of the
flow of light that, during the centering operation, passes through the fibers located

at the two edges of the sheet and through the corresponding waveguides.
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17. A procedure for the assembly of the ends of optical fibers substantially as

herein before described and illustrated.

DATED: 19 March, 1998

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
CORNING INCORPORATED
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ABSTRACT

An adhesive product [9] in the liquid state is deposited in
a plurality of parallel, rectilinear, and equidistant
grooves [6i] formed in a flat surface of a substrate ([5];
each of the stripped ends [(1i] of the fibers in the sheet
is introduced into a corresponding groove [6i], and the
ends of the fibers are held in the grooves with the aid of
a plate [13] affixed to these grooves. 1In accordance with
the invention, because the adhesive product (9] is still in
the liquid state, the entire collection of the ends [1i] of
the fibers extending from the grooves [61i] is pressed
against a facing flat portion [13'] of the plate [13]
extending from the substrate (5], and this pressure is
maintained until the adhesive product [9] hardens and the

plate [13] is glued.
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