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An optical fiber ribbon assembly and a method of producing
the same

TECHNICAL FIELD
The present invention relates to an optical fiber ribbon assembly and to a method of
producing the same.

BACKGROUND

The amount of data that is transmitted over optical fiber cables is continuously
increasing. This increase is specifically eminent in data centers all over the world- e.g.
due to expanding of cloud computing — in which all data has to be transmitted in a
limited space. This causes an increasing demand for high-fiber-count and high fiber-
density optical cables. Moreover, there is always a tendency to reduce the construction
cost of the access cable network, making it important to reduce the diameter and
weight of the optical cable. By decreasing optical cable diameter and weight it will be
possible to use existing facilities such as underground ducts, which will reduce
installation cost. An additional requirement is that in order to shorten the operation
time of cable connection, the optical fibers should be mass fusion spliced.

This means that there are several — possibly conflicting — demands, being on the one
hand decrease in optical cable diameter and on the other hand increasing the optical
fiber density. This is serious challenge for optical cable manufactures.

In order to obtain easy workability, optical fiber ribbons have been used that can be
mass fusion spliced for making multiple optical fiber connections at once with improved
flexibility.

Standard optical fiber ribbon assemblies, with multiple interconnected optical fiber
ribbons, however have the disadvantage of being difficult to split into sub-assemblies,
or, component ribbons, having a reduced number of ribbons.
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SUMMARY

It is an object of the present invention to provide an optical ribbon which can be made
in an efficient manner and having improved properties as to split into component
ribbons. It is a further object of the present invention to provide an optical fiber ribbon
assembly from which component ribbons can be separated without damaging
remaining optical fiber ribbons of the assembly.

One or more of these objects are achieved by an optical fiber ribbon assembly,
comprising: a plurality of adjacent optical fiber ribbons extending in a longitudinal
direction and arranged in a plane, each of the optical fiber ribbons comprising a
plurality of optical fibers mutually bonded by a matrix material, the fibers extending in
the longitudinal direction and arranged in the plane; said plurality of adjacent ribbons
forming at least one set of two adjacent ribbons having an interstice (also called a
groove) between said two adjacent ribbons and a bonding material, forming
intermittent bonds at the interstice between the two adjacent ribbons of a set, thereby
bonding the two adjacent ribbons of the set.

In an aspect, the invention relates to a method of producing an optical fiber ribbon
assembly, as described above, according to the present invention, said method
comprising: feeding a plurality of optical fiber ribbons to provide a longitudinal optical
fiber ribbon assembly; wherein the plurality of optical fiber ribbons extend in a
longitudinal direction, in a plane and adjacent to each other, each of the optical fiber
ribbons comprising a plurality of optical fibers mutually bonded by a matrix material,
said plurality of adjacent ribbons forming at least one set of two adjacent ribbons
having an interstice between said two adjacent ribbons; applying a material for bonding
from a dispenser to a surface of said assembly, in such a manner that it forms, after
curing and/or cooling, a bonding material forming intermittent bonds between the two
adjacent ribbons of a set, at the interstice between the two adjacent ribbons.

Corresponding embodiments of the ribbon assembly disclosed below are also
applicable for the method according to the present invention and vice versa.
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The optical fiber ribbon assembly and method according to the present invention thus
combine the strength and the ability of mass fusion splicing of ribbons with flexibility
to allow the production of a cable having a high fiber density, while making it possible
to easily split the ribbon assembly into component ribbons without damaging remaining
optical fiber ribbons of the assembly. The inventive ribbon assembly is very flexible
and it is therefore also effective for dense packing of the optical fiber ribbons within an
optical fiber cable to give a high fiber density. The ribbon assembly can be spliced at
once with mass fusion splicing and individual optical fiber ribbons can be separated
from the ribbon assembly easily.

Within the scope of the present teachings a bond means a bead of bonding material
that bonds two adjacent optical fiber ribbons over a bonding length (I).

BRIEF DESCRIPTION OF DRAWINGS

The present invention is described hereinafter with reference to the accompanying
schematic drawings in which embodiments of the present invention are shown and in
which like reference numbers indicate the same or similar elements.

Figure 1 shows an embodiment of an inventive optical fiber ribbon assembly.

Figure 2 shows a further embodiment of an inventive optical fiber ribbon assembly.
Figure 3 shows a still further embodiment of an inventive optical fiber ribbon assembly.
Figure 4 shows section IV-IV according to figure 3.

DESCRIPTION OF EMBODIMENTS

As described above, in a first aspect the invention relates to an optical fiber ribbon
assembly. Several embodiments of said assembly are discussed below.

In an embodiment, the bonding material of the optical fiber ribbon assembly is present

in the interstice and, outside the interstice, it only extends in respective adjacent edge
zones of the two adjacent ribbons of the set, wherein an edge zone is defined as the

Date Recue/Date Received 2023-08-14



10

15

20

25

30

4

zone comprising at most 30 percent, preferably at most 25 percent, for example
between 10 and 25 percent, of the width of the ribbon in transverse direction. As a
result, a high flexibility is obtained, with an optimal use of bonding material.

In an embodiment, the two adjacent ribbons of the set have been bonded by the
bonding material on only one side of the assembly. With only on one side is meant
only on the top or bottom side when the ribbon assembly is seen in plan view. This
allows the bonding material to form a flexible, bendable bond that allows folding of the
ribbon assembly for example to fit inside a cable. As a result, a high flexibility is
obtained.

In an embodiment, the bonding material is in the form of a thread, wherein one thread
has been provided for each set of two adjacent ribbons, said thread being arranged
along a length of said assembly, extending only over the two adjacent ribbons of the
set, and such that the thread forms multiple crossings over the interstice between the
two adjacent ribbons, the thread at each crossing forming a bond, of the intermittent
bonds, between the two adjacent ribbons. This form of bonding material enables an
efficient manner of manufacturing of the ribbon assembly.

In an embodiment, the thread follows a wave-shaped path or a cycloid -shaped path
over the two adjacent ribbons of the set. As a result, the crossings forming the bonds
may be efficiently be made.

In an embodiment, at crossings, the thread follows the interstice over a bonding length.
In an embodiment the optical fiber ribbon assembly comprises only two ribbons.

In an embodiment, said matrix material is an acrylate, such as an polyurethane
acrylate or a polymethacrylate material. In an embodiment, the encapsulating matrix

material has a thickness of between 5 and 10 micrometer.

In an embodiment, the thread has a mass (in grams) per 10000 m of between 60 and
120 dtex, preferably between 75 and 110 dtex.

Date Recue/Date Received 2023-08-14
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In an embodiment of the method, applying a material for bonding from a dispenser to
a surface; comprises (or consists of) applying a material for bonding from the
dispenser to the surface of said assembly in the form of a thread, wherein the material
for bonding, for each set of two adjacent ribbons, is applied to extend only over the
set of two adjacent ribbons such that the thread forms multiple crossings over the
interstice between the two adjacent ribbons of the set, the thread at each crossing,
after curing and/or cooling, forming a bond, of the intermittent bonds, between the two
adjacent ribbons.

In an embodiment of the method, applying a material for bonding from a dispenser to
a surface; comprises (or consists of) the following steps: applying a material for
bonding in the form of a curable resin from the dispenser to the surface of said
assembly (3) wherein the curable resin is applied such that it forms the intermittent
bonds after curing; and passing said assembly (3) with the material for bonding applied
thereon through a curing station for curing the resin to form said bonds of cured resin.

The curable resin may have a viscosity at 23 °C of between 200 and 2000 cPS,
preferably between 300 and 1000 cPS and more preferably between 400 and 600 cPS.

The curing station may emit Ultra Violet (UV) or Electron Beam (EB) radiation for

curing said curable resin.

In an alternative method, applying a material for bonding from a dispenser to a surface;
comprises the following step: providing a material for bonding, being a thermoplastic
material, from the dispenser and heating said thermoplastic material to above its
softening point and applying said softened thermoplastic material to said surface of
said assembly (3) wherein the softened thermoplastic material is cooled down and
forms the intermittent bonds of said thermoplastic material.

Cooling of the thermoplastic material may be obtained by e.g. transporting the fiber
ribbon assembly over cold sheaves.

Date Recue/Date Received 2023-08-14
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In an embodiment of the method according to the present invention, the dispenser may
be rotating in a plane parallel to the plane of the assembly, or oscillating in a direction
transverse to the longitudinal direction of the optical fiber ribbon assembly.

In case of a rotating dispenser, a cycloid shaped path may be created. Depending on
the speed of movement of the ribbon assembly past the dispenser and depending on
the rotational speed of the dispenser, an ordinary cycloid shape, a curtate cycloid
shape, or a prolate cycloid shape path may be realized.

Preferably the softening point of said thermoplastic thread is above 120°C. The
softening point is determined according Vicat method with a load of 10N, according
ASTM-D1525-09. After heating the thermoplastic thread is cooled down, e.g. by
transporting the ribbon assembly over cold sheaves.

Figure 1 shows an optical fiber ribbon assembly 1, or at least a part thereof. The
Assembly 1 comprises two adjacent optical fiber ribbons 2 extending in a longitudinal
direction 4 and arranged in a plane, at least in a folded out state of the assembly 1.
That is, they are flush with respect to each other. Alternatively more adjacent optical
fiber ribbons may be used, such as three or four or more such as ranging from five to
ten ribbons. The latter also holds for the other assemblies 100, 200 which will be
discussed below.

Each of the optical fiber ribbons 2 comprises four optical fibers 6 mutually bonded by
an acrylate matrix material 8. The encapsulating matrix material 8 has a thickness of
between 5 and 10 micrometer. Alternatively less or more optical fibers per ribbon may
be used, such as two or three or more than four such as ranging from five to 40 fibers,
preferably 12 fibers. The latter also holds for the other assemblies 100, 200 which will
be discussed below.

The fibers 6 extend in the longitudinal direction 4 and are also arranged in the plane.
The two adjacent ribbons 2 form a set (of the two adjacent ribbons 2) having an
interstice 10 between the two adjacent ribbons 2. At the interstice 10, the ribbons are
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in contact with each or may leave a very small gap in between the ribbons, with a gap
width in the order of a few micrometers.

The optical fiber ribbon assembly 1 also comprises a bonding material. The bonding
material is in the form of a thread 12. The thread 12 extends over the two adjacent
ribbons 2 of the set following a wave-shape path, and such that the thread 12 forms
multiple crossings 14 over the interstice 10 between the two adjacent ribbons 2. The
thread 12 forms a bond 16 between the two adjacent ribbons 2 at each crossing 14.
The reference sign 16 is thus used for the part of the thread 12 at a crossing, forming
a bond. Seen in the longitudinal direction, the bonding material in the form of the thread
12 thus forms intermittent bonds 16 at the interstice 10 between the two adjacent
ribbons 2, thereby bonding the two adjacent ribbons. The two adjacent ribbons 2 of
the set have been bonded by the bonding material in the form of the thread 12 on only
one side of the assembly 1, by which is meant only the top side as visible in figure 1.

Figure 3 shows an optical fiber ribbon assembly 100 being another embodiment of an
optical fiber ribbon assembly according to the present teachings. The assembly 100 is
identical to the assembly of figure 1 except for the material of the thread — although
the material may be the same - and the path of the thread. Features which are identical
are given the same reference signs, while features having the same function are given
a reference sign to which 100 has been added.

The thread 112 of the assembly 100 also follows a wave-shaped path but, contrary to
the embodiment of figure 1, at crossings 114, the thread follows the interstice 10 over
a bonding length (I) and thereby forms a bond 116 having a bonding length | ranging
from 2 to 250 millimeter. The bonds 116 form intermittent bonds between the two
ribbons 2 of the assembly 100, at a mutual distance d between two adjacent bonds
116 in the same range of 2 to 250 millimeter. Preferably, | is in the same order as d,
that is, if | is in the order of tens of millimeters, then d is also in the order of tens of
millimeters. The two adjacent ribbons 2, like the ribbons of figure 1, have been bonded
by thread 12 on only one side of the assembly 100. See also figure 4, in which figure
is shown that the bonding material in the form of the thread 112 is only present on the
top side, that means upper side in the view of figure 4, of the assembly 100.

Date Recue/Date Received 2023-08-14
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In an embodiment, the bonding material has a elongation at break of at least 150 %,
preferably at least 175 %, more preferably at least 200 %, even more preferably at
least 220 % and an modulus of elasticity (or Young’s modulus) of between 10 and 16
MPa. In the present invention elongation at break and modulus of elasticity was
measured using the following method: ASTM D882 - 12 “Standard Test Method for
Tensile Properties of Thin Plastic Sheeting”.

In an embodiment, the bonding material is a cured resin or a thermoplastic material.

In an embodiment the cured resin is an acrylate resin. Said cured resin is obtained by
the curing of a curable, preferably UV curable resin, that is applied in the form of the
thread.

In an embodiment the thermoplastic material is selected from the group consisting of
nylon, copolyamide, polyester and copolyester.

In an embodiment, the thermoplastic material has a melting point of between 55 and
170 °C, such as between 60 and 150 °C, for example between 120 and 150 °C.

As shown in figures 1 and 3, the bonding material is present in the interstice 10 and,
outside the interstice 10, it only extends in respective adjacent edge zones 18, 118 of
the two adjacent ribbons 2. The edge zones 18, 118 are defined as the zones having
a width e of at most 30 percent of the width w of the ribbon, the width being in
transverse direction, transverse to the longitudinal direction 4.

Figure 2 shows an optical fiber ribbon assembly 200 being another embodiment of an
optical fiber ribbon assembly according to the present teachings. The assembly 200 is
identical to the assembly of figures 1 and 3 except for the bonding material. The
assembly 200 does not have a bonding material in the form of a thread. Instead, it has
successive pieces 212 of bonding material only in the interstice 10, the pieces 212
forming successive, intermittent bonds between the two ribbons 2 of the assembly
200. The bonds, formed by the pieces 212, each have a bonding length I. Adjacent
pieces 212 are disposed at a distance d.

Date Recue/Date Received 2023-08-14
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A method of producing the optical fiber ribbon assembly 1 as described above,
comprises the step of feeding the two optical fiber ribbons 2; wherein the two optical
fiber ribbons 2 extend in the longitudinal direction 4, in a plane and adjacent to each
other. The two ribbons form a set, having the interstice 10 between the two adjacent
ribbons 2.

The method further comprises the step of applying a material for bonding in the form
of a curable resin from a dispenser to a surface of said ribbons 2. The curable resin
has a viscosity at 23 °C of between 400 and 600 ¢cPS. The material for bonding is
applied in a continuous manner and such that it follows a wave-shaped path as shown
in figure 1. As a result it forms, after curing, the bonding material 12 forming the
intermittent bonds 16 between the two adjacent ribbons 2 of the set, at the interstice
10 between the two adjacent ribbons 2.

Next, the method comprises the step of passing said set of ribbons 2 with the material
for bonding applied thereon through a curing station for curing the resin to form said
bonds 16 of cured resin. The curing station emits Ultra Violet (UV) or Electron Beam
(EB) radiation for curing said curable resin.

The alternative method of producing the optical fiber ribbon assembly 100 also
comprises the step of feeding the two optical fiber ribbons 2 as described above. Next,
the material for bonding is continuously applied from a dispenser to a surface such
that it follows the wave-shaped path on the ribbons 2. To that end, the material for
bonding, being a thermoplastic material, is provided from the dispenser and heated to
above its softening point. Said softened thermoplastic material is applied to said
surface of said assembly wherein the softened thermoplastic material is cooled down
and forms the intermittent bonds of said thermoplastic material.

In order to create the wave-shaped path of the bonding material of assemblies 1 and
100, for the purpose of the step of applying a material for bonding, the dispenser may
be oscillating in transverse direction above the set of ribbons 2, while the ribbons move
in the longitudinal direction underneath the dispenser. As a result, the wave-shaped
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path is created, having an amplitude which depends on the extent of the transverse
reciprocal movement and having a frequency which depends on the longitudinal speed
of movement of the ribbons. Using this method, a sinusoidal path may be created, for
example.

The path of the assembly of figure 3 may be realized by each time shortly interrupting
the reciprocal movement of the dispenser at the transverse position of the interstice,
for example. A path like the path shown in figure 3 may also arise as a result of the
geometry of the end zones of ribbons and thus of the interstice. The rounded edges of
the ribbons defining the interstice may have the effect that the material for bonding
“sinks” into the interstice as soon as the dispenser moves over the start of the rounded
edge — that means the transition of the substantially flat upper side of the ribbon to the
rounded edge of that ribbon — of one of the ribbons. The material for bonding only
leaves the interstice when the dispenser moves over the start of the rounded edge of
the other ribbon of the set. The degree of this “sinking” into the interstice, or “sticking”
in the interstice depends among others on the viscosity of the material for bonding and
of the friction between the outer surface of the ribbon and the bonding material.

In another embodiment of the method, for the purpose of the step of applying a material
for bonding, the dispenser may be rotating parallel to the plane of the set of ribbons,
above the set of ribbons 2, while the ribbons move in the longitudinal direction
underneath the dispenser. As a result, a cycloid-shaped path is created.

Other variations to the disclosed embodiments can be understood and effected by
those skilled in the art in practicing the invention, from a study of the drawings, the
disclosure. The word "comprising” does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality.

Date Recue/Date Received 2023-08-14
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CLAIMS

1. An optical fiber ribbon assembly, comprising:

a plurality of adjacent optical fiber ribbons extending in a longitudinal direction
and arranged in a plane, each of the optical fiber ribbons comprising a plurality of
optical fibers mutually bonded by a matrix material, the fibers extending in the
longitudinal direction and arranged in the plane; said plurality of adjacent ribbons
forming at least one set of two adjacent ribbons having an interstice between said two
adjacent ribbons and

a bonding material, forming intermittent bonds at the interstice between the two
adjacent ribbons of a set, thereby bonding the two adjacent ribbons of the set,

wherein the bonding material is in the form of a thread, wherein one thread has
been provided for each set of two adjacent ribbons, said thread being arranged along
a length of said assembly, extending only over the two adjacent ribbons of the set, and
such that the thread forms multiple crossings over the interstice between the two
adjacent ribbons, the thread at each crossing forming a bond, of the intermittent bonds,
between the two adjacent ribbons, and

wherein the bonding material is present in the interstice and, outside the
interstice, it only extends in respective adjacent edge zones of the two adjacent
ribbons of the set, wherein an edge zone is defined as the zone comprising at most 30
percent of the width (w) of the ribbon in transverse direction.

2.  The optical fiber ribbon assembly according to claim 1, wherein the two adjacent
ribbons of the set have been bonded by the bonding material on only one side of the
assembly.

3.  The optical fiber ribbon assembly according to claim 1, wherein the thread follows
a wave-shaped path or a cycloid -shaped path over the two adjacent ribbons of the
set.

4.  The optical fiber ribbon assembly according to claim 3, wherein at crossings, the
thread follows the interstice over a bonding length (1).
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5. The optical fiber ribbon assembly according to any one of claims 1 to 4,
comprising only two ribbons.

6. The optical fiber ribbon assembly according to any one of claims 1 to 5, wherein
the bonding material has an elongation at break of one of at least 150 %, at least 175
%, at least 200 %, and at least 220 % and a modulus of elasticity of between 10 and
16 MPa.

7. The optical fiber ribbon assembly according to any one of claims 1 to 6, wherein
the bonding material is a cured resin or a thermoplastic material.

8. A method of producing an optical fiber ribbon assembly according to any one of
claims 1 to 7, said method comprising:

feeding a plurality of optical fiber ribbons, wherein the plurality of optical fiber
ribbons extend in a longitudinal direction, in a plane and adjacent to each other, each
of the optical fiber ribbons comprising a plurality of optical fibers mutually bonded by
a matrix material, said plurality of adjacent ribbons forming at least one set of two
adjacent ribbons having an interstice between said two adjacent ribbons;

applying a material for bonding from a dispenser to a surface of said set of two
adjacent ribbons, in such a manner that it forms, after at least one of curing and
cooling, a bonding material forming intermittent bonds between the two adjacent
ribbons of a set, at the interstice between the two adjacent ribbons.

9. The method according to claim 8, wherein applying a material for bonding from
a dispenser to a surface; comprises

applying a material for bonding from the dispenser to the surface of said set of
two adjacent ribbons in the form of the thread, wherein the material for bonding, for
each set of two adjacent ribbons, is applied to extend only over the set of two adjacent
ribbons such that the thread forms multiple crossings over the interstice between the
two adjacent ribbons of the set, the thread at each crossing, after at least one of curing
and cooling, forming a bond, of the intermittent bonds, between the two adjacent
ribbons.
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10

15

20

25

13

10. The method according to claim 8 or 9, wherein

applying a material for bonding from a dispenser to a surface; comprises the
following steps:

applying a material for bonding in the form of a curable resin from the dispenser
to the surface of said set of two adjacent ribbons wherein the curable resin is applied
such that it forms the intermittent bonds after curing; and

passing said ribbons with the material for bonding applied thereon through a
curing station for curing the resin to form said bonds of cured resin.

11. The method according to claim 10, wherein the curable resin has a viscosity at
23 °C of one of between 200 and 2000 cPS, between 300 and 1000 cPS and between
400 and 600 cPS.

12. The method according to any one of claims 10-11, wherein the curing station
emits Ultra Violet (UV) or Electron Beam (EB) radiation for curing said curable resin.

13. The method according to claim 8 or 9, wherein
applying a material for bonding from a dispenser to a surface; comprises:
providing a material for bonding, being a thermoplastic material, from the
dispenser and heating said thermoplastic material to above its softening point and
applying said softened thermoplastic material to said surface of said set of two
adjacent ribbons wherein the softened thermoplastic material is cooled down and
forms the intermittent bonds of said thermoplastic material.

14. The method according to any one of claims 8 to 13, wherein the dispenser is
rotating in a plane parallel to the plane of the assembly, or oscillating in a direction
transverse to the longitudinal direction of the optical fiber ribbon assembly.
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