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An optical fiber cable.

The present invention relates to an optical fiber cable, said cable comprising from the center towards the
periphery: a central strength member, a first layer of loose buffer tubes stranded around said central
strength member, at least one of said loose buffer tubes of said first layer containing at least one light
waveguide an intermediate layer, a second layer of loose buffer tubes stranded around said intermediate
layer, at east one of said loose buffer tubes of said second layer containing at least one light waveguide
and a jacket surrounding said second layer of loose buffer tubes, wherein said intermediate layer is
formed of a material having a high coefficient of friction.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift wijkt af van de oorspronkelijk ingediende stukken. Alle ingediende stukken
kunnen bij NL Octrooicentrum worden ingezien.
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Title: An optical fiber cable

The present invention relates to an optical fiber cable.

Background of the invention

Optical fiber cables are used to transmit information including telephone signals,
television signals, data signals, and for in Internet communication. To preserve the integrity of
the signal transported by optical fiber cables, certain design factors warrant consideration.

A typical high fiber count cable design includes an outer cable jacket, within
which multiple loose tubes are arranged in layers around a central strength member. For
example, a typical outer cable jacket may include eighteen loose tubes (one six tube layer and
one twelve tube layer) to thirty six loose tubes (with an additional eighteen tube layer) therein.
Within each loose tube typically twelve optical fibers are loosely arranged. Loose tube optical
fiber cables refer to an arrangement wherein multiple individual optical fibers inside the loose
tubes are substantially un-connected to the tubes. Such an arrangement effectively bundles a
large number of optical fibers into a relatively condensed outer jacket.

US Patent No 7,382,955 relates to an optical fiber cable that has a plurality of
loose tubes, each of which contain at least one optical fiber. The tubes are arranged in at least
two layers, each of which are rotated in the same uni-helical direction, and where each of the at
least two layers are arranged having substantially the same lay length. A jacket encases the
loose tubes, such that a user, desiring access to any one of the optical fibers in one of the loose
tubes, may open the jacket, untwist the at least two layers, access a desired loose tube and
accompanying fiber contained therein and perform a desired splicing action.

US Patent No 5,343,549 relates to an optical fiber cable comprising a central
strength member covered by a flame resistant plastic material. Surrounding the central member
is at least one layer of buffer tubes each containing a plurality of light waveguides and a filling
compound. The cable outer jacket is made of a flame resistant plastic. The two layers of buffer
tubes are stranded with reverse oscillating lay around coated central member.

US Patent No 6,859,592 relates to a fiber optic cable, comprising:
optical fibers disposed in buffer tubes, said buffer tubes defining at least two layers generally

stranded about a center area of the cable; said buffer tube layers defining a relatively inner layer
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of buffer tubes being closer to said center area, and an outer layer of buffer tubes being
relatively further from said center area, said inner and outer buffer tube layers each comprising
a respective helix value, said respective helix values being substantially the same.

US2003/118299 relates to optical fibers disposed in buffer tubes, said buffer
tubes defining at least two layers generally stranded about a center area of the cable; said
buffer tube layers defining a relatively inner layer of buffer tubes being closer to said center
area, and an outer layer of buffer tubes being relatively further from said center area, said inner
and outer buffer tube layers each comprising a respective helix value, said respective helix
values being substantially the same. Water swellable tapes can be disposed adjacent the buffer
tubes.

US Patent No 5,930,431 relates to a fiber optic cable comprising:

a cable core with at least one optical fiber; a layer of tape surrounding said cable core, said
layer of tape comprising a seam; a seam guard placed adjacent said seam; a jacket surrounding
said seam guard; said seam guard comprising a substrate operative to prevent cable zippering,
and a waterblocker attached to said substrate, said waterblocker operative to inhibit the
migration of moisture into said cable core, said seam guard being operative to perform dual
functions of inhibiting both jacket zippering and the ingress of moisture into said cable core. The
cable core includes a dielectric central member surrounded by a first set of buffer tubes which
buffer tubes 23 are, in turn, surrounded by a water-blocking tape.

US Patent No 6,236,789 relates to a cable including a central strength member,
surrounded by a plastic insulation coating. Plastic buffer tubes, each of which loosely contains
optical fibers, are stranded longitudinally along the length of the strength member. A flowable
filling material, such as a water blocking compound, buffer tube filling material, oil or gel, fills the
spaces within the buffer tubes which are not occupied by the fibers. One or more water
swellable yarn is disposed longitudinally along the central strength member in the interstices
between the stranded buffer tubes and the strength member. The buffer tubes are enclosed by
an inner plastic jacket and electrical conductor units comprising electrical conductors in side-by-
side relation are disposed around and along the longitudinal length of the inner plastic jacket
and each of the conductors is surrounded by insulation, and the cable is provided with an outer
sheath.
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Summary of the invention

The present invention concerns an optical fiber cable comprising from the
center towards the periphery:

a central strength member,

a first layer of loose buffer tubes stranded around said central strength member,
at least one of said loose buffer tubes of said first layer containing at least one light waveguide
an intermediate layer,

a second layer of loose buffer tubes stranded around said intermediate layer, at
least one of said loose buffer tubes of said second layer containing at least one light waveguide
and

a jacket surrounding said second layer of loose buffer tubes, wherein said
intermediate layer is formed of a material having a high coefficient of friction.

In an embodiment, the material forming said intermediate layer has a coefficient
of friction of > 0.4, measured according to test method 1ISO 8295-1995.

In another embodiment, the thickness of the intermediate layer is in the range of
between 0.3 and 0.5 millimeters (mm).

In yet another embodiment, the first layer of loose buffer tubes is SZ stranded
around the central strength member.

In yet another embodiment, the second layer of loose buffer tubes is SZ stranded
around the intermediate layer.

In yet another embodiment, the intermediate layer is present in the form of a binder, a tape or
an extruded layer of said material for forming the intermediate layer.

In yet another embodiment, the material forming said intermediate layer is
selected from the group of thermoplastic material or a thermoplastic rubber material

In yet another embodiment, the material forming said intermediate layer is a
thermoplastic rubber material.

In yet another embodiment, the central strength element (also called central
strength member) is formed of a fiber reinforced plastic material.

In yet another embodiment, one or more water blocking swellable yarns present around said
central strength member, for example by means of stranding or winding and/or parallel to the

longitudinal axis of the central strength member.
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In yet another embodiment, at least 90% (preferably all) of said loose buffer tubes
of said first and/or second layer, preferably of said first and second layer, contain at least one
light waveguide.

In yet another embodiment, at least 90% (preferably all) of said loose buffer tubes
of said first and second layer contain at least one light waveguide. In other words, at least 90 %
of all loose buffer tubes present within the optical fiber cable of the present invention contain at
least one light waveguide (e.g. at least one optical fiber).

In yet another embodiment, one or more ripcords are present between said first
layer of loose buffer tubes and said intermediate layer.

In yet another embodiment, one or more ripcords are present between said
second layer of loose buffer tubes and said jacket.

In yet another embodiment, the outer diameter of said loose buffer tubes of said first layer is
< 1.9 mm (less than 1.9 millimeter).

In yet another embodiment, the outer diameter of said loose buffer tubes of said
second layeris < 1.9 mm (less than 1.9 millimeter).

In yet another embodiment, the outer diameter of said loose buffer tubes of said
first and second layers is < 1.9 mm (less than 1.9 millimeter).

In yet another embodiment, the outer diameter of said loose buffer tubes of said
first layer is < 1.7 mm (less than 1.7 millimeter).

In yet another embodiment, the outer diameter of said loose buffer tubes of said
second layeris < 1.7 mm (less than 1.7 millimeter).

In yet another embodiment, the outer diameter of said loose buffer tubes of said
first and second layers is < 1.7 mm (less than 1.7 millimeter).

In yet another embodiment, the outer diameter of said loose buffer tubes of said
first layer is < than 1.6 mm (less than 1.6 millimeter).

In yet another embodiment, the outer diameter of said loose buffer tubes of said
second layer is < than 1.6 mm (less than 1.6 millimeter).

In yet another embodiment, the outer diameter of said loose buffer tubes of said
first and second layers is < 1.6 mm (less than 1.6 millimeter).

In yet another embodiment, the wall thickness of said loose buffer tubes of said

first layer is in the range of 0.2 — 0.5 mm (between 0.2 and 0.5 millimeter.
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In yet another embodiment, the wall thickness of said loose buffer tubes of said
second layer is in the range of 0.2 — 0.5 mm (between 0.2 and 0.5 millimeter).

In yet another embodiment, the wall thickness of said loose buffer tubes of said
first and second layers is in the range of 0.2 — 0.5 mm (between 0.2 and 0.5 millimeter).

In yet another embodiment, the wall thickness of said loose buffer tubes of said
first layer is in the range of 0.2 — 0.4 mm (between 0.2 and 0.4 millimeter), preferably in the
range of 0.2 — 0.25 mm, more preferably 0.225 mm.

In yet another embodiment, the wall thickness of said loose buffer tubes of said
second layer is in the range of 0.2 — 0.4 mm (between 0.2 and 0.4 millimeter), preferably in the
range of 0.2 — 0.25 mm, more preferably 0.225 mm.

In yet another embodiment, the wall thickness of said loose buffer tubes of said
first and second layers is in the range of 0.2 — 0.4 mm (between 0.2 and 0.4 millimeter),
preferably in the range of 0.2 — 0.25 mm, more preferably 0.225 mm.

In yet another embodiment, each loose buffer tube of said first layer contains at
least ten optical fibers.

In yet another embodiment, each loose buffer tube of said second layer contains
at least ten optical fibers.

In yet another embodiment, each loose buffer tube of said of said first and
second layer contains at least ten optical fibers.

In yet another embodiment, said optical fibers are bend insensitive single mode
optical fibers (BI-SMF).

In yet another embodiment, the present optical fiber cable comprises no
metallic parts.

In yet another embodiment, the outer diameter of said optical fiber cable is in the
range of 8 - 12 mm (between 8 and 12 millimeter).

In yet another embodiment, the outer diameter of said optical fiber cable is in the
range of 9 - 11 mm (between 9 and 12 millimeter).

In yet another embodiment, the number of loose buffer tubes in the first layer of

loose buffer tubes is between 6 and 10 (in other words the numberis 6, 7, 8, 9, or 10).
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In yet another embodiment, the number of loose buffer tubes in the second layer
of loose buffer tubes is between 12 and 20 (in other words the number is 12, 13, 14, 15, 16, 17,
18, 19, or 20).

In yet another embodiment, said optical fibers are coated with a UV curable resin.

In yet another embodiment, said optical fibers coated with a UV curable resin
(coated optical fibers) have an outer diameter of 250 +/- 15 microns (between 235 and 265
micron), or 200 +/- 10 microns (between 190 and 210 micron).

One or more of the aims of the invention are obtained by one or more of the
above embodiments. It should be noted that the embodiments cited above can also be used in
combination to each other to create other embodiments, all falling within the scope of the
present invention.

Detailed description

The terms loose buffer tube or buffer tube or loose tube are used in this patent
application to describe a (optical fiber) cable part. The terms loose buffer tube or buffer tube or
loose tube are in this present application used as equivalents. A loose buffer tube is an extruded
tube of a thermoplastic material. A loose buffer tube is intended to contain one or more optical
fibers, typically twelve optical fibers. In a loose buffer tube the optical fiber(s) are generally
loosely arranged inside said tube. In other words, the optical fibers are not stranded inside said
tube.

Examples of thermoplastic materials that are particularly suitable for loose buffer
tubes are polyolefines (PO), polybutylene terephthalate (PBT) or polyamide (PA). Preferably,
PBT is used. PBT is a semi crystalline material that is especially suitable for the construction of
loose buffer tubes. It combines sufficient strength and flexibility that are required for these loose
buffer tubes. The loose buffer tubes can be constructed in either a single layer or double layer
construction. Loose buffer tubes are generally made from materials having a low friction
coefficient. Such a low friction coefficient allows the optical fibers to move freely within the loose
buffer tube. Moreover, such a low friction coefficient allows two adjacent loose buffer tubes to
move slightly with respect to each other without friction limiting said movement; this allows the
optical fiber cable in which these loose buffer tubes are present to be bent. All possible

embodiments described above for loose buffer tubes may be combined.
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The term optical fiber is used in this patent application to describe an optical fiber
having a light conducting core and cladding made of glass. Said core and cladding are
surrounded by protective coating (preferably in a single or dual layer). Said coating preferably
being of an UV curable resin. One or more of the coating layers may be colored to increase the
ease of identification. Optionally optical fibers may be provided with an additional colored ink
layer at the outer circumference (viz. surrounding said coating layers).

The term “between” when ranges are cited is used in this patent application to
also include both end points of the range as cited.

The term “fiber reinforced plastic material” (also fiber-reinforced polymer or FRP)
is used in the present application to describe a composite material made of a polymer matrix
that is reinforced with fibers. The fibers are usually glass, carbon, or aramid, although other
fibers may be used. The polymer is usually an epoxy, vinylester or polyester thermosetting
plastic, and phenol formaldehyde resins are still in use. In the present invention the FRP
material is used to construct or form the central strength element. Preferably, a central strength
member prepared of a polyester resin comprising 80 weight % or more of glass fibers is used.

The term thermoplastic material is used in the present application to describe a
material that becomes pliable or moldable above a specific temperature, and returns to a solid
state upon cooling. These materials are also known as themmosoftening plastics. They are
generally polymeric materials.

The term thermoplastic rubber material is used in the present application to
describe a thermoplastic elastomers (TPE) that is a class of copolymers or a physical mix of
polymers (usually a plastic and a rubber) which consist of materials with both thermoplastic and
elastomeric properties.

The term SZ stranding is used in the present application to describe reverse
oscillating lay stranding of buffer tubes. SZ stranding and reverse oscillating lay stranding are
well known to skilled person.

Conventional double layer SZ cables are constructed of two separate layers of
loose buffer tubes that are stranded around a central element. A first layer of loose buffer tubes
is SZ stranded and on top of this a second layer of loose buffer tubes is SZ stranded.

These conventional SZ cables use thick walled loose buffer tubes. The reason for

this is that the tubes must be strong enough to prevent deformation thereof caused by the
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forces acting on the tubes during manufacturing or installation of the cable. The layers of the
stranded loose buffer tubes are held in place (viz. the loose buffer tubes are kept together) by
using one or more binders (e.g. yamns) that are wrapped around the layers of stranded loose
buffer tubes. These binders are applied with a high tension in order to prevent rotation or
displacement of the buffer tubes during manufacturing or installation of the cable.

To withstand the forces for keeping the layers together these tubes are also
strong enough to withstand local pressures at the points were buffer tubes of the different layers
cross each other. In order to withstand the forces applied by the binders with the purpose of
keeping the loose buffer tubes together in the layers, a certain wall thickness of the loose buffer
tubes is required. These thick walled loose buffer tubes are then also strong enough to
withstand any local pressures that occur at the points were loose buffer tubes of the different
layers cross each other.

Without wishing to be bound to a particular theory, the following is observed. On
the reversal points of the SZ stranding (the point where the layer of tubes are stranded from
clockwise to counter clock wise or vice versa) the tubes may rotate as a consequence of
shrinkages after the extrusion or as a consequence of external forces such as the bending of
the cable. Generally, this is prevented by winding binders with high force around a layer of
tubes. However, if the second layer of tubes is bound by means of a binder with high force onto
the first layer of tubes, the highest forces occur on the points where the tubes of the two layers
cross each other. Thick-walled tubes are required to be able to withstand these high forces.

When loose buffer tubes having decreased wall thicknesses and hence small
outer diameters are used in optical fiber cables with the aim to reduce the optical fiber cable’s
outer diameter, the strength of these loose buffer tubes is generally insufficient to withstand the
forces that are applied upon the optical fiber cable during the manufacturing or installation
thereof or when said optical fiber cable is exposed to temperature differences during operation
thereof. The loose buffer tubes that are present in double layers stranded construction may
move with respect to each other and with respect to the outer jacket or the central strength
element or they may rotate and kink. Such movement will cause stresses on the optical fibers
that are present within these loose buffer tubes. Such stresses upon optical fibers may lead to

increased attenuation, which is undesirable.
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The present inventors have found that in a double layer SZ stranded type of
optical cable (viz. an optical fiber cable having two separate layers of stranded loose buffer
tubes) the second or outermost layer of stranded loose buffer tubes is often not stable (viz. has
positional freedom or movement) on the first (innermost) layer of stranded loose buffer tubes. In
other words, the loose buffer tubes that are present in the second layer may rotate at the
reverse points of the SZ stranding when the optical fiber cable is submitted to thermal cycles
(e.g. during operation) and consequently the optical fibers that are present within these second
layer of loose buffer tubes may experience more stress and consequently, the attenuation of the
optical fibers may increase, which is undesirable.

Accordingly, there is a need to produce a large capacity (viz. with a large number
of optical fibers) double layer stranded loose buffer tube optical fiber cable, said cable having a
small outer diameter and which cable does not suffer from the drawbacks described above.

The present invention provides for an optical fiber cable comprising from the
center towards the periphery:

a central strength member,

a first layer of loose buffer tubes stranded around said central strength member,
at least one of said loose buffer tubes of said first layer containing at least one light waveguide
an intermediate layer,

a second layer of loose buffer tubes stranded around said intermediate layer, at
least one of said loose buffer tubes of said second layer containing at least one light waveguide
and

a jacket (also called outer sheath) surrounding said second layer of loose buffer
tubes, wherein said intermediate layer is formed of a material having a high coefficient of
friction.

The intermediate layer is placed between two successive layers of loose buffer
tubes.

The optical fiber cable of the present invention that is provided with an
intermediate layer with a high friction coefficient allows for one or more of the aforementioned
objects to be achieved .

The inventors, without wishing to be bound by a theory, assume that due to the

high friction coefficient of the intermediate layer the loose buffer tubes of the second layer (that
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are in contact with the high friction intermediate layer) are kept in place (are able to hold their
spatial position) better than in a prior art optical fiber cable construction wherein this
intermediate layer is not present. In other words, the high friction intermediate layer prevents the
movement of the loose buffer tubes present in the second layer with respect to each other and
the second layer in total with respect to the first layer in total. This reduced movement will also
reduce the number of rotations or kinks and hence make sure that an increase in attenuation is
partially of fully prevented.

This prevention of movement brought about by the intermediate layer of the
present invention is particularly true at the reverse points of the SZ stranding where the loose
buffer tubes may rotate more easily compared to other points in the stranded loose buffer tubes.

In an embodiment, the optical fiber cable according to the present invention can
comprise 288 fibers (e.g. 24 loose buffer tubes each having 12 optical fibers). However any
other fiber count is possible with the present invention.

A drawback that the present inventors have discovered of prior art optical fiber
cable design is the following. In a design in which the second layer of buffer tubes is directly
stranded on the first layer of loose buffer tubes is that the loose buffer tubes in the second
rotate at the reverse point of the SZ stranding when the loose buffer tubes shrink longitudinally,
e.g. due to temperature variations.

Another drawback that the present inventors have discovered of the prior art
optical fiber cable design is the following. In the case of a small outer diameter optical fiber
cable design in which the second layer of buffer tubes is directly stranded on the first layer of
buffer tubes with binders surrounding the second layer of buffer tubes to prevent rotation of the
buffer tubes at the reverse points is that the wrapping force of the binders needed to prevent
movement or rotation of the buffer tubes is too high causing the buffer tubes to deform due to
local pressures at the points were buffer tubes of the different layers cross each other. In other
words, the binders have a negative effect locally on the loose buffer tubes.

The present inventions have solved this problem according to the prior art by the
introduction of an intermediate layer having a high coefficient of friction between the first layer of
buffer tubes and the second layer of buffer tubes. A function of the intermediate layer according
to the present invention is to avoid moving and rotation of the second layer of buffer tubes on

the first layer of buffer tubes.
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The intermediate layer is preferably made of a binder, tape or an extruded layer.
Most preferably, the intermediate layer is an extruded layer. The intermediate layer can be
formed of a thermoplastic material or thermoplastic rubber material with high friction coefficient.
Preferably, a thermoplastic rubber material is used.

In an embodiment the intermediate layer is a thin layer. With thin layer is
preferably meant having a wall thickness that ranges between 0.3 — 0.5 mm. In other words, the
thickness (radial thickness or wall thickness) of the intermediate layer is between 0.3 and 0.5
millimeters.

In an embodiment the intermediate layer has a friction coefficient that is higher
than 0.4 as measured according to the test method of ISO 8295-1995. The test sample was
conditioned during 16 hours at a temperature of 23 °C at a relative humidity of 50%. The speed
of the test sample during the test was 100 mm/min £ 10 mm/min.

As an example of material usable for the present intermediate layer an extruded
layer of a thermoplastic material such as Hytrel® can be mentioned. Other examples are
compositions comprising EPDM rubber (ethylene propylene diene monomer (M-class) rubber),
such as Santoprene®. Other thermoplastic material that provide a high friction coefficient may
be used.

In an embodiment of the present invention, the first layer of loose buffer tubes is
SZ stranded around the central strength member. In another embodiment the second layer of
loose buffer tubes is SZ stranded around the first layer of buffer tubes. In yet another
embodiment, both layers are SZ stranded.

Preferably, both the outer surface of said intermediate layer in contact with the
loose buffer tubes in the second layer as well as the inner surface of said intermediate layer in
contact with the loose buffer tubes in the first layer have a high friction. This can for example be
achieved when the intermediate layer is fully made out of said high friction coefficient material.
All embodiments disclosed above about the intermediate layer apply to either the inner or outer
surface or both surfaces of said intermediate layer.

The loose buffer tubes as used in the present invention may further contain a
water absorbing gel compound within the central cavity that is formed by the wall of the loose

buffer tubes. In case such a gel compound is present, the one or more optical fibers as may be
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arranged in the gel, viz. freely moving in the gel. Said gel compound is preferably a non-toxic
and dermatological safe gel compound.

The central strength element as used in the present invention preferably consist
of a fiber reinforced plastic material. Suitable fiber reinforced plastic materials and the way to
prepare such a central strength elements are well within the skill of a person skilled in the art.
Optionally, water blocking and/or water swellable yarns may be provided stranded around said
central strength element. In an embodiment, two water blocking yarns (known to a skilled
person) are provided around the central strength member. One of the two is provided parallel to
the longitudinal axis of the central strength member, whereas the other waterblocking yam is
stranded around the arrangement (of CSM and one waterblocking yarn) in a helical winding,
preferably a loose or open helical winding.

According to the present invention at least 90% of said loose buffer tubes (of
either only the first, only the second or the first and second layers) contain at least one light
waveguide, e.g. at least one optical fiber.

In a preferred embodiment all loose buffer tubes (of either only the first, only the
second or the first and second layers) contain one or more optical fibers. Each loose buffer tube
may even contain at least ten optical fibers or for example twelve optical fibers.

It is possible that a different number of optical fibers is present for the loose buffer
tubes in the first layer and for the loose buffer tubes in the second layer. It is also possible that
there is difference in the number of optical fibers present in the loose buffer tubes within a layer.

It is preferred that the number of optical fibers present in each of the buffer tubes
within one layer is the same.

For gaining access to the optical fibers that are present within the loose buffer
tubes in the outermost or second layer one or more ripcords may be present between said
second layer of loose buffer tubes and said jacket. This allows for the opening of the jacket to
gain access to the loose buffer tubes. These loose buffer tubes may then be opened in a
convention manner (such as for example with a knife or specialized tool) to gain access to the
optical fibers within.

For gaining access to the optical fibers that are present within the loose buffer
tubes in the innermost or first layer, one or more ripcords may be present between said first

layer of loose buffer tubes and said intermediate layer. This allows for the opening of the
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intermediate layer to gain access to the loose buffer tubes. These loose buffer tubes may then
be opened in a convention manner to gain access to the optical fibers within.

In the optical fiber cable according to the present invention the outer diameter of
said loose buffer tubes is preferably < 1.9 mm, more preferably < 1.7 mm, even more preferably
less than 1.6 mm.

The effect of the above is that a optical fiber cable having a smaller diameter is
obtained which has significant advantages in the field. The inventive cable can for example be
used in smaller ducts.

It is preferred that the outer diameter of the loose buffer tubes in one single layer
or in both is the same. For example, it is preferred that all the buffer tubes of the first layer have
the same outer diameter. Moreover, it is preferred that all the buffer tubes of the second layer
have the same outer diameter. However, the outer diameter of the loose buffer tubes of the first
layer may be different to the outer diameter of the loose buffer tubes of the second layer.

In the optical fiber cable according to the present invention the wall thickness of
said loose buffer tubes is preferably in the range of 0.2 — 0.5 mm, preferably in the range of
0.2 — 0.4 mm. In other words, the wall thickness of the loose buffer tube is preferably between
0.2 millimeter and 0.5 millimeter, more preferably between 0.2 millimeter and 0.4 millimeter.

It is preferred that the wall thickness of the loose buffer tubes in one single layer
or in both layers is the same. For example, it is preferred that all the buffer tubes of the first
layer have the same wall thickness. Moreover, it is preferred that all the buffer tubes of the
second layer have the same wall thickness. However, the wall thickness of the loose buffer
tubes of the first layer may be different to the wall thickness of the loose buffer tubes of the
second layer.

The effect of a smaller wall thickness, is that with the same inner diameter, a
smaller outer diameter is obtained for the loose buffer tubes. In other words, the same number
of optical fibers can be house while the optical fiber cable becomes smaller.

The buffer tubes are preferably made of polymers having a low friction coefficient.
Examples of thermoplastic materials that are particularly suitable for loose buffer tubes are

polyolefines (PO), polybutylene terephthalate (PBT) or polyamide (PA) (see above).
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The preferred optical fibers for use in the present invention are so called bend
insensitive single mode optical fibers (BI-SMF) that comply with the requirements of the ITU-T
G.657A1 standard.

Optical fibers complying with this ITU-T G.657A1 standard are required to have a
macrobending loss of 1.0 dB or less at 1625 nm, when wrapped ten times around a mandrel
with 15 mm radius.

The present optical fiber cable design is especially suitable for optical fibers that
are marketed by the present applicant under the tradename of BendBright® (viz. a fiber
compliant with ITU-T G.657.A1) and BendBright®-XS (viz. a fiber compliant with ITU-T
G.657.A2&B2).

These two commercially available bend-insensitive optical fibers (BendBright®
and BendBright® -XS) provide a bend-sensitivity reduction of ten times (x10) and a hundred
times (x100), respectively, as compared to a standard single-mode fiber (SSMF) (viz. a fiber
compliant with ITU-T G.652).

These two commercially available bend-insensitive optical fibers (BendBright®
and BendBright® -XS) are fully compliant with the most stringent ITU-T G.652.D
recommendation.

In addition, the present applicant also markets BendBright®-Elite (viz. a fiber
compliant with ITU-T G.657.B3) which is very suitable for use in the present invention.
BendBright®-Elite is an ultra bend-insensitive optical fiber especially suited for tighter radii high
end specialty operations. BendBright®-Elite permits the use of one optical fiber type from the
central office to the optical network terminal.

The optical characteristics of all the different types of BendBright® fibers have
been obtained by the present applicant by changing the refractive index profile of the optical
fiber by the addition of a (buried) trench having a lowered refractive index (with respect to the
outer optical cladding) in the cladding area. This buried trench confines the optical signal (field)
to the core region when the optical fiber is bent and provides a high bit rate, and a high
wavelength operation for FTTH (fiber to the home) systems.

The optical fibers for use in the present invention are generally provided with a
coating. The outer diameter of the coated optical fibers is preferably 250 +/- 15 microns, or 200

+/- 10 microns. In other words, between 235 and 265 microns or between 190 and 210 microns.
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The 200 micron embodiment is selected in case a more compact cable is required. The inner
diameter of the loose buffer tube may be selected to be of a lower value while still be able to
house the same number of optical fibers. In other words, the lower diameter of 200 +/- 10
microns allows to increase the number of fibers present in a buffer tube. The range of +/- 15 for
the 250 micron embodiment and the range of +/- 10 for the 200 micron embodiments are ranges
that relate to the manufacturing tolerance.

The optical fiber cable according to the present invention preferably does not
contain metallic parts within the jacket. In other words, there are no metallic parts present in the
total optical fiber cable in this specific embodiment. Examples of metallic parts that could be
present in prior art cables and that are preferably not present in the optical fiber cable according
to the present inventions are strengthening elements or tapes or yarns.

The outer diameter of the present optical fiber cable is preferably in the range of
8 — 12 mm, preferably 9 — 11 mm.

The technical effect of this characteristic is that a smaller optical fiber cable takes
up less space. This is in particular critical in applications where a small amount of space is
available.

The number of loose buffer tubes in the first layer of loose buffer tubes is
preferably between 6 and 10.

The number of loose buffer tubes in the second layer of loose buffer tubes is
preferably between 12 and 20.

A commercially marketed optical fiber cable has to provide a certain capacity (viz.
a certain number of optical fibers). This was taken as a starting point for the present inventors to
design a cable having the optimum properties of maximal capacity on the one hand and minimal
outer diameter on the other hand.

An embodiment of the present invention, being a stranded loose buffer tube
“mini” cable suitable for use in ducts, will now be discussed in detail. The embodiment shown
here should not be regarded as limiting the scope of the invention.

The figure (not to scale) shows a stranded loose buffer tube cable 1 suitable for
use in ducts. A central strength member 9 is provided consisting of a fiber reinforced plastic
surrounded by stranded water blocking swellable yarns 8. Around this central strength member

9 is stranded a a first layer of eight loose buffer tubes 6. Optical fibers 7, especially bend
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insensitive single mode optical fibers (BI-SMF), are present in loose buffer tubes 6. Optical
fibers 7 are uniquely identified by color; in other words, each of the optical fibers 7 has a
different color. The walls of the loose buffer tube 6 are formed a high tensile strength
thermoplastic material (PBT) and having a wall thickness of 0.225 mm. The first layer of buffer
tubes 6 is surrounded by an intermediate layer 5 made of a material having a high coefficient of
friction, i.e. a coefficient of friction of > 0.4, measured according to test method 1SO 8295-1995.

The second layer of sixteen loose buffer tubes 3 is stranded around intermediate
layer 5. Optical fibers 4 are present in loose buffer tubes 3. These optical fibers 4 are for
example bend insensitive single mode optical fibers (BI-SMF) and uniquely identified by a
different color, as discussed above the first layer.

Surrounding said second layer an jacket or outer sheath 2 is provided. Said outer
sheath 2 is made of High density polyethylene (HDPE) and it encloses the second layer of loose
buffer tubes 3. The first and second layer of loose buffer tubes 3, 6 are stranded according to
the SZ mode around the central strength member 9. The loose buffer tubes 3, 6 are filled with a
non-toxic and dermatological safe gel compound.

Between the intermediate layer 5 and the first layer of loose buffer tubes 6 and between the
outer sheath 2 and the second layer of loose buffer tubes 3 aramid yarns (not shown) are
present, serving as ripcords.

The optical fiber cable as shown in the fiber contains 288 optical fibers. The first
layer comprises eight loose buffer tubes and the second layer comprises sixteen loose buffer
tubes, totaling to 24 loose buffer tubes, each comprising 12 optical fibers.

The outside diameter of the cable 1 is approximately 10.5 mm. The outer
diameter of each of the loose buffer tubes 3,6 is between 1.2 and 1.9 millimeter.

The present invention is further more illustrated by the appended claims. It should
be noted that all of the embodiments cited in the description as well as the claims may be
combined with each other in all possible combinations and still fall within the scope of the

claims.
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CONCLUSIES

1. Optische vezelkabel, de kabel omvattende vanaf het centrum naar de omtrek:

een centraal sterkte-element,

een eerste laag losse bufferbuizen, gewikkeld rond het centrale sterkte-
element, waarbij ten minste een van de losse bufferbuizen van de eerste laag ten minste een
licht-golfgeleider bevat,

een tussenliggende laag,

een twee laag losse bufferbuizen gewikkeld rond de tussenliggende laag,
waarbij ten minste een van de losse bufferbuizen van de tweede laag ten minste een licht-
golfgeleider bevat; en

een mantel welke de tweede laag losse bufferbuizen omringt, waarbij de
tussenliggende laag is gevormd van een materiaal met een hoge frictiecoéfficiént.
2. Optische vezelkabel volgens conclusie 1, waarbij het materiaal dat de
tussenliggende laag vormt een frictiecoéfficiént heeft van > 0,4, gemeten volgens de
testmethode I1ISO 8295-1995.
3. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de dikte van de tussenliggende laag in het gebied ligt van 0,3 tot 0,5 mm.
4, Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de eerste laag losse bufferbuizen door middel van een SZ-wikkeling is aangebracht
rond het centrale sterkte-element.
5. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de tweede laag losse bufferbuizen via SZ-wikkeling is aangebracht rond de
tussenliggende laag.
6. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de tussenliggende laag aanwezig is in de vorm van een bind-element, een band-
element of een geéxtrudeerde laag van het materiaal voor het vormen van de tussenliggende
laag.
7. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,

waarbij het materiaal dat de tussenliggende laag vormt wordt gekozen uit de groep van
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thermoplastisch materiaal of een themmoplastisch rubbermateriaal, bij voorkeur een
thermoplastisch rubbermateriaal.

8. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij het centrale sterkte-element is gevormd van een met vezel versterkt kunststofmateriaal.

9. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij water blokkerende opzwelbare garens zijn gewikkeld rond het centrale sterkte-element.

10. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij ten minste 90% van de losse bufferbuizen van de eerste en/of de tweede laag, bij
voorkeur van de eerste en de tweede laag, ten minste een licht-golfgeleider bevatten.

11. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij tussen de eerste laag van losse bufferbuizen en de tussenliggende laag een of meer
trekkoorden aanwezig zijn.

12. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij tussen de tweede laag losse bufferbuizen en de mantel een of meer trekkoorden
aanwezig zijn.

13. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de buitendiameter van de losse bufferbuizen van de eerste en/of de tweede lagen is <
1,9 mm, bij voorkeur < 1,7 mm, met name minder dan 1,6 mm.

14. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de wanddikte van de losse bufferbuizen van de eerste en/of de tweede lagen in het
gebied ligt van 0,2-0,5 mm, bij voorkeur in het gebied van 0,2-4 mm.

15. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij elke losse bufferbuis van de eerste en/of de tweede laag, bij voorkeur van de eerste en
de tweede laag, ten minste 10 optische vezels bevat.

16. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de optische vezels buigingsongevoelige single-mode optische vezels (BI-SMF) zijn.

17. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de onderhavige optische vezelkabel geen metallische gedeelten bevat.

18. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de buitendiameter van de optische vezelkabel in het gebied ligt van 8-12 mm, bij

voorkeur 9-11 mm.
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19. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij het aantal losse bufferbuizen in de eerste laag losse bufferbuizen tussen 6 en 10 ligt.
20. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij het aantal losse bufferbuizen in de tweede laag losse bufferbuizen tussen 12 en 20 ligt.
21. Optische vezelkabel volgens een of meer van de voorafgaande conclusies,
waarbij de optische vezels zijn gecoat met een door UV straling uithardbaar hars en waarbij de

buitendiameter van de gecoate optische vezel is 250 £ 15 micron of 200 £ 10 micron.
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Onderdeel |  Basis van de schriftelijke opinie

Deze schriftelijke opinie is opgesteld op basis van de meest recente conclusies ingediend voor
aanvang van het onderzoek.

Onderdeel V Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en industriéle
toepasbaarheid

1. Verklaring
Nieuwheid Ja: Conclusies 2-5, 7-8, 10, 13-21
Nee: Conclusies 1,6,9, 11-12
Inventiviteit Ja: Conclusies
Nee: Conclusies 1-21
industriéle toepasbaarheid Ja: Conclusies  1-21

Nee: Conclusies

2. Literatuur en toelichting

2.1 Literatuur

Van de stand van de techniek worden in het rapport van het onderzoek de volgende documenten
genoemd:

D1: US 2003/0118299 A (CORNING CABLE SYS LLC) 26 juni 2003

D2: US 5343549 A (SIECOR CORP) 30 augustus 1994

D3: US 5930431 A (SIECOR OPERATIONS LLC) 27 juli 1999

D4: US 6236789 B (PIRELLI CABLES & SYSTEMS LLC) 22 mei 2001

Deze documenten worden, voor zover nodig voor de schriftelijke opinie, in de volgende paragraaf
besproken.

2.2 Toelichting
Conclusie 1. Uit document D1 is een optische vezelkabel bekend (10; zie figuur 1, samenvatting
en alinea [0053]), omvattende vanaf het centrum naar de omtrek:

e een centraal sterkte-element (12),

+ een eerste laag losse bufferbuizen (14), gewikkeld rond het centrale sterkte-element (12),
waarbij ten minste een van de losse bufferbuizen van de eerste laag ten minste een licht-
golfgeleider (15) bevat,

o een tussenliggende laag (16),

e een tweede laag losse bufferbuizen (18), gewikkeld rond de tussenliggende laag, waarbij
ten minste een van de losse bufferbuizen van de tweede laag ten minste een licht-
golfgeleider (19) bevat; en

e een mantel (20) welke de tweede laag losse bufferbuizen omringt.
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De tussenliggende laag (16) uit D1 is gevormd van een materiaal omvattende ‘water swellable tapes’
(zie alinea [0053]). De vakman weet dat elk materiaal een frictiecoéfficiént heeft, echter de
specifieke waarde daarvan wordt niet in D1 aangegeven.

De optische vezelkabel volgens conclusie 1 van onderhavige aanvrage verschilt van de uit D1
bekende kabel doordat de tussenlaag is gevormd van een materiaal met een “hoge frictiecoéfficiént”.
De term “hoge” is een onduidelijke, niets zeggende term; de zinsnede “hoge frictiecoéfficiént” is dan
ook geinterpreteerd als “frictiecoéfficiént”.

Gelet op het voorgaande is conclusie 1 geheel bekend uit document D1 en is derhalve niet nieuw.

De documenten D2 en D3 zijn eveneens bezwaarlijk voor conclusie 1 (zie D2: samenvatting; figuur;
kolom 1, regel 54 — kolom 2, regel 14; zie D3: samenvatting ; figuren 1, 2; kolom 3, regel 27 — regel
64).

Conclusie 2 is afhankelijk van conclusie 1, en betreft de maatregel dat het materiaal dat de
tussenliggende laag vormt een frictiecoéfficiént heeft van > 0,4, gemeten volgens de testmethode
ISO 8295-1995. Genoemde maatregel is niet bekend uit document D1, waardoor conclusie 2 nieuw
is ten opzichte van D1.

Vooralsnog wordt de maatregel, dat het materiaal dat de tussenlaag vormt een frictiecoéfficiént heeft
van > 0,4, gemeten volgens ISO 8295 — 1995, beschouwd als een binnen het bereik van de vakman
vallende maatregel. Bovendien ontbreken in de aanvrage vergelijkende experimenten die het
kritische karakter van een frictiecoéfficiént van > 0,4 aannemelijk maken. Het ontbreekt conclusie 2
daarom aan inventiviteit.

Opgemerkt wordt dat de materie van de volgconclusies 6, 9, 11-12 bekend is uit document D1 (zie
alinea [0061]). Deze conclusies voegen dus niets bijzonders toe.

De afhankelijke conclusies 3 — 21 bevatten geen bijzondere maatregelen die, in combinatie met de
maatregelen volgens de conclusies waarnaar zij verwijzen, voldoen aan de eisen van inventiviteit,
zie de documenten D1 — D3 en de overeenkomstige passages die in het onderzoeksverslag

geciteerd zijn.
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