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TWISTED PAIR CABLE WITH SHIELDING ARRANGEMENT

Cross-Reference (o Related Apnlication(s)

This application is being filed on June 24, 2015, as 3 PCT International
Patent application and claims the benefit of U.S. Patent Application Serial No. 62/016,304,
titled Twisted Pair Cable with Shielding Armrangement, filed June 24, 2014, the disclosure

of which is hercby incorporated by reference in its entircty.

Background

A wide variety of cable arrangements are utilized in the
telecommunications tndustry. Such cable arrangements cables include twisted pair cables.
Twisted pair cables include at least one pair of insulated conductors that are twisted about
one another to form a pair of two conductors. A plurality of pairs of two conductors can
sometimes twist about each other to define a twisted pair core. A plastic jacket is typically
extruded over a twisted pair core to maintain the configuration of the core and to fonction
as a protective layer.

As twisted pairs are closely positioned in cables and the cables are
positioned close together, clecirical energy may be transferred between twisted pairs of
adjacent cables. This type of cable-to-cable interference is conmmonly referred to as alien
crosstalk. The telecommunications industry is continuously striving to increase the speed
and/or volume of signal transmissions through the cables. One problem that concerns the
telecommunications industry is the increased cccurrence of abien crosstalk associated with
high-specd signal transmissions. Thercfore, the increase in signal froquencies associated
with the high-speed transmissions requires improved alicn crosstalk performance.

In some applications, to reduce the problem of alien crosstalk in a twisted
pair cable, a layer of electrical shiclding is provided between the core of twisted pairs and
the cable jacket. In other applications, the cable includes a layer of elecirical shiclding
that surrounds the core of twisted pairs. However, such existing applications have not
been fully satisfactory in achieving smaller diameters of the cables and reducing alien
crosstalk while improving signal transmission performance of the cables (e.g., cables for

unshielded twisted pair (U'TP) applications).
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Summary

The present disclosure relates generally to twisted pair cables having
different shielding arvangeroents.

One aspect of the present disclosure relates to a cable including an
insulative mam jacket, a main shicld and a plurality of subumits. The main shield may be
located on an inner side of the insulative main jacket so as to be at fcast partially
surrounded by the insulative main jacket. The main shicld is configured to be at lcast
partially electrically conductive. The main shield may at least partially surround the
subunits. Fach subunit includes a twisted pair of insulated conductors, a first subunit
shicld and a first subunit insulative layer. The first subunit shield is configured to be at
least partially electrically conductive and may at least partially surroumd the twisted pair of
insulated conductors. The first subunit insulative layer may be located on an outer side of
the first subunit shield and at least partially surround the first subunit shicld and the
twisted patr of msulated conductors,

In a second embodiment, the subunit of the first embodiment may further
include a second subunit insulative layer. The second subunit insulatve layer may be
located on an inner side of the first subunit shield and at least partially surcound the
twisted pair of insulated conductors. The second subunit insulative layver may be also at
least partially surrounded by the first subunit shicld and the first subonit inselative layer.

In a third cmbodiment, the sabunit of the first embodiment may further
include a second subunit shield. The second subunit shicld is configured to be at loast
partially electrically conductive, and may be located on an outer side of the first sebunit
insulative layer and at least partially surround the first sobunit insulative layer, the first
subunit shicld and the twisted pair of insulated conductors,

In a fourth embodiment, the cable includes an insulative main jacket and a
plurality of subunits. The imsulative main jacket may at least partially surrovnd the
subunits. Each subunit includes a twisted pair of insulated conductors, a first subunit
shicld and a first subunit insulative laver. The first subunit shicld is configured to be at
least partially electrically conductive and may at least partially surronnd the twisted pair of
insulated conduactors. The first subunit insulative laver may be located on an outer side of
the first subunit shield and at least partially surround the first subunit shicld and the
twisted pair.

In a fifth embodiment, the subunit of the fourth embodiment may further

include a second subunit insulative layer. The second subunit insulatve layer may be
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located on an inner side of the first sobumit shield and at least partially sorround the
wisted pair of insulated conductors. The second subunit insulative layer may be also at
least partially surrounded by the first subunit shicld and the furst subunit insulative layer,

1 a sixth embodiment, the subunit of the fourth embodiment may further
include a seccond sebumit shield. The second subunit shield is configured to be at least
partially clectrically conductive, and may be located on an outer side of the first subunit
nsulative layer and at least partially surround the first subunit insulative layer, the first
sobunit shicld and the twisted pair of insulated conduactors.

In a seventh embodiment, the cable includes an insulative main jacket, a
main insulative layer, a main shield and a plurality of subunits. The main insulative fayer
may be located on an inner side of the insulative main jacket and at least partially
surrounded by the insulative main jacket. The main shield is configured to be at least
partially clectrically conductive, and may be located on an inner side of the main
nsulative layer and at least partially surrounded by the main insulative layer. The main
shield may at least partially surround the subunits. Each subunit includes a twisted pair of
insulated conductors, an inner subunit insulative layer, and a first subunit shield. The
mmer subunit jnsulative layer may at least partially surround the twisted pair of insulated
conductors. The fivst subumit shicld is configured to be at least partially electrically
conductive, and may be located on an outer side of the inner subvunit nsulative layer and at
least partially surround the inner subunit insolative layer and the twisted pair of inselated
conductors.

In an eighth embodiment, the cable inchides an insulative main jacket, a
main insulative layer, 3 main shield and a plurality of subunits. The main insulative fayer
may be located on an inner side of the fnsulative main jacket and at least partially
surrounded by the insulative main jacket. The main shield may be located on an fnner side
of the main insulative layer so as {0 be at least partially surrounded by the main insulative
laver. The main shicld is configured to be at least partially electrically conductive. The
main shicld may at least partially surround the subunits. Each subunit includes a twisted
pair of insulated conductors, a first subunit shicld and a fivet subunit insulative layer. The
first subunit shield is configured to be at least partially clectrically conductive and may at
least partially surround the twisted pair of insulated conductors. The first subunit
msulative layer may be located on an outer side of the first subumt shield and at least

partially serround the first subunit shield and the twisted pair of insulated conductors.
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In a ninth embodiment, the subunit of the cighth embodiment may further
include a second subunit insulative layer. The second subunit insulatve layer may be
located on an inner side of the first subunit shield and at least partially surcound the

twisted pair of insulated conductors, The second subunit insulative layer may be also at

N

least partially surrounded by the first subunit shicld and the first subonit inselative layer.
In a tenth embodiment, the subunit of the eighth embodiment may further
include a second subunit shield. The second subunit shield is configured to be at loast
partially electrically conductive, and may be located on an outer side of the first subunit
insulative layer and at least partially surround the first sobunit insulative layer, the first

10 subunit shicld and the twisted pair of insulated conductors.

Bricf Description of the Drawings

FIG. 1 is a perspective view illustrating a portion of 4 twisted pair cable
according to the principles of the present disclosure;
FIG. 2 is a schomatic, cross-sectional view of a first embodiment of a
1S shiclding configuration for the twisted pair cable;
FIG. 3 is a schematic, cross-sectional view of a second embodiment of a
shiclding configuration for the twisted pair cable;
FIG. 4 is a schematic, cross-sectional view of a third embodiment of a
shielding configuration for the twisted pair cable;
20 FIG. 515 a schematic, cross-sectional view of a fourth embodiment of a
shiclding configuration for the twisted pair cable;
FIG. 6 13 a schematic, cross-sectional view of a fifth embodiment of a
shiclding configuration for the twisted pair cable;
FIG. 7 is a schematic, cross-sectional view of a sixth embodiment of a
25 shiclding configuration for the twisted pair cable;
FIG. 8 15 a schematic, cross-sectional view of a seventh embodiment of a
shielding configuration for the twisted pair cable;
FIG. 9 is a schematic, cross-sectional view of an eighth embodiment of a
shiclding configuration for the twisted pair cable;
38 FIG. 10 is a schematic, cross-sectional view of a ninth embodiment of a
shiclding configuration for the twisted pair cable; and
FIG, 11 1s a schemaiic, cross-sectional view of a tenth embodiment of a

shielding configuration for the twisted pair cable.
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Detailed Description

FIG. 1 is a perspective view illustrating a portion of a twisted pair cable 10
according to the principles of the present disclosure. In the description that follows, the
cable 10 will be described m terms of a data commumnication cable or the fike. However, it
is to be understood that the benefits described herein are also applicable to other types of
cables. The following description is therefore provided for illustrative purposes only and
is only one potential application of the subject matter of the present disclosure. In this
disclosure, the term “conductive,” or other similar phrase, is used to refer to electrical
conductivity, and thus can be mterchangeably used with “clectrically conductive.”

Referring to FIG. 1, in general, the twisted pair cable 10 includes a cable
core 24, a jacket 30, and a conductive main shield 32. The cable core 20 inclhudes a
plurality of subunits 28, In the example of FIG. 1, the cable core 20 inclades four subunits
2%, FEach subunit 2% includes a twisted conductor pair 22 and 2 subunit shield 40,

The twisted conductor pair 22 includes two conductors 24A and 248
twisted about each other along a longitudinal axis of the pair. The condoctors 24A and
248 are at least partially surrounded by insulative layers 26A and 268, respectively. In
some embodiments, the insulative layors 26A and 268 surround an entivety of the
circurnterence of the conductors 24A and 248. In other embodiments, the insulative
layers 26A and 26B can surround only a portion of the circumference of the conductors
244 and 24B. The conductors 24A and 248 may be fabricated from any conductive
materials, such as, but not limited to, copper, aluminum, copper-clad stecl, plated copper
or the like, The conduciors 24A and 248 can be sclid or braided. The insulative lavers
26A and 268 may be fabricated from any iosulative, non-conductive materials, such as,
but not Hmited to, polyvinyi chloride (PVC), polypropylene, a polymer, a flacropolymer, a
plastic, polyethylene, or the like.

Each of the conductors 24A and 24B of the individual twisted conductor
pairs 22 can be twisted abowt one another at a continuously changing twist rate, an
ncremental twist rate, or a constant twist rate. Each of the twist rates of the twisted pairs
22 ¢an further be the same as the twist rates of some or all of the other twisted pairs 22, or
different from each of the other twisted pairs 22.

The subunit shield 40 at least partially sorrounds the twisted conductor pair
22. In some embodiments, the subunit shicid 40 surrounds an entirety of the
circomference of the twisted conductor pair 22. In other embodiments, the subonit shield

40 can surround only a portion of the circumference of the twisted conductor pair 22. The
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sobunit shicld 40 can be engaged with the twisted conductor pair 22. Alicrnatively, the
subunit shicld 40 can have an inner diameter substantially simifar to the diameter of the
periphery of the twisted conductor pair 22. The subunit shield 40 operates to electrically
shield the twisted conductor pair 22 from the other twisted conductor pairs 22 of the cable
core 28 The subumit shicld 40 reduces an amount of crosstalk between the twisted
conductor pairs 22 within the cable 10. The subunit shield 40 can be fabricated from any
conductive materials, such as, but not imited 1o, a laminated metal tape, an alominum
polyimide laminated tape, an alumimum biaxially-oriented polyethylene terephthalate
(BoPET) laminated tape, a braid of conductive strands, fibers, a tube formed froma
continuous {¢.g., a sheet} conductive material, and/or the like.

The cable core 20 of the plurality of twisted pairs 22 can also be twisted
about a longitudinal axis of the cable 10. The cable core 20 can be similarly twisted at any
of a continuously changing, incremental, or constant twist rate.

The jacket 30 surrovnds the cable core 20 or the plurality of subunits 28, In
one embodiment, the jacket 30 is made of a non-conductive material such as polyvinyl
chioride (PVC), for example. Other types of non-conductive materials can also be used
for the jacket, including other plastic materials such as fluoropolymers (e.g.
ethylenechlorotrifluorothylene (ECTF) and flurothylenepropylene (FEPY), polyethylene, or
other electrically insulating materials. Preferably, the material does not propagate flames
or generate a significant amount of smoke.

The cable 10 may further include the conductive main shiceld 32, The
conductive main shield 32 is arranged within the jacket 30 and at least partially extends
around the cable core 20, which includes the phlurality of twisted pairs 22 and the sobunit
shiclds 40. In some embodiments, the conductive main shield 32 is located on an inner
side 34 of the jacket 30. The conductive main shield 32 can surround an entivety of the
circomference of the cable core 20 or all of the subunits 28, which inclode the phirality of
twisted conductor pairs 22 and the subunit shields 40. o other cmbodiments, the
conductive main shicld 32 can surround only a portion of the circomference of the
subunits 28, The conductive main shicld 32 operates 1o shield the twisted conduactor pairs
22 within the cable 10 from other cables. The conductive main shicld 32 reduces an
amount of alien crosstalk between differont cables. In some examples, the main shield 32
1s made of braided strands of metals, such as copper or alominum. In other examples, the
main shicld 32 may be fabricated from any conductive materials, such as, but not limited

{0, 3 laminated metal tape, an afuminum polyimide laminated tape, an aluminum biaxially-



WO 2015/200486 PCT/US2015/037424

N

10

[
W

oriented polyethylene terephthalate (BoPET) laminated tape, a braid of conductive strands,
fibers, a tube formed from a continuous {(¢.g., a sheet) conductive material, and/or the like.
In some embodiments, the conductive main shield 32 is optionally connected to a ground.

FIGS. 2-11 ilhustrate embodiments of a twisted pair cable 10 with different
shiclding configurations. Preferred features of the cable 10 with these shiclding
arrangements incinde improvement of alien crosstalk performance and reduction in the
size of the cable, as well as improvement of signal transmission performance. As marny of
the configurations of the following embodiments are the same as the twisted pair cable 10
shown in FIG. 1, the detailed description of the cable 10 is hereinafter omitted for brevity
PUIPOSES.

FIG. 2 is a schematic, cross-sectional view of a first embodiment of 4
shiclding configuration for the twisted pair cable 16. The cable 10 includes the cable core
20 having a plurality of subunits 28. Each of the subunits 28 inchides the twisted
conductor pair 22 that is at least partially surrounded by the subunit shield 40, which is
referved to hereinafter as the “first subunit shield.” The cable 10 also inclades the jacket
30 and the conductive main shicld 32 that is arranged within the jacket 30. The
conductive main shicld 32 and the jacket 30 at least partially surround the cable core 20,

In this embodiment, the subunit 28 further includes a first subunit insulative
layer 42, The first subonit insolative layer 42 is arranged on an outer side 44 of the first
subunit shicld 40, and at least partially surrounds the first sobunit shield 40 and the twisted
conductor pair 22, The first subuntt insulative layer 42 operates to isolate the first subumnit
shield 40 from adjacent conductive maternials, such as the main shield 32, other first
subunit shiclds 40 and a drain wire 38, and prevent the first subunit shield 46 from
contacting the adjacent conductive materials. Thus, oven if the cable core 20 is tightly
packed within the main shield 32 and the jacket 30, the first subunit shield 40 can avoid
being engaged with the main shield 32 along the length of the cable 10.

The first subunit insulative layer 42 can be fabricated from any insulative,
non-conductive materials. n a preferred example, the first subunit insulative layer 42 is
made from a polyester film or a plastic film, such as biaxially-oriented polycthylene
terephthalate (BoPET). Examples of the polyester film or plastic film mehide 2 Mylar®
distributed by DuPont Teijin Films. o other embodiments, the first subunit insulative
layer 42 1s made from any msulative, non-conductive materials, such as, but not limited to,
polyvinyl chloride (PVC), polypropylene, a polymer, a flucropolymer, polyethylene, or

the like.
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Optionally, the cable 10 further inclades the drain wire 38. The drain wire
38 can be located within the main shield 32 between the main shield 32 and the first
subunit insulative layer 42. The drain wite 38 extends along an entire length of the cable
10. The drain wire 38 can be clectrically connected to the main shield 32 and provide an
electrical connection between the main shield 32 and a ground. The first subunit shield 40
is isolated from the drain wire 38 and the main shield 32 by the first subunit insulative
tayer 42, As such, the first subunit shicld 40 is configured to float within the cable 10 and
out of engagement with the main shield 32. In other embodiments, however, the first
subunit shicld 40 is electrically conngcted to the drain wire 38 so that the first subunit
shicld 40 is connected to a ground. In vet other cmbodiments, the first subunit shield 40
can be electrically connected 1o the main shicld 32 by partially engaging with the main
shield 32, or via the drain wire 38,

FIG. 3 is a schematic, cross-sectional view of a second embodiment of a
shielding configuration for the twisted pair cable 10. As many of the concepts and
features are similar o the first embodiment shown in FIG. 2, the description for the first
embodiment is hereby incorporated by reference for the second embodiment.

I this embodiment, in addition to the first subunit insulative layer 42, the
subunit 28 further includes a second subunit insulative layer 46, The sccond subumit
insulative layer 46 is arranged on an inner side 48 of the first sabumit shield 40 and at least
partially surrounds the twisted conductor pair 22. The second subunit insulative layer 46
is at least partially surrounded by the first subunit shicld 40, which is partially surrounded
by the first subunit msulative layer 42. The second subunit insulative layer 46 operates to
isolate the first subunit shicld 40 from the adjacent twisted conductor pair 22 and prevent
the first subunit shield 40 from contacting the twisted conductor pair 22, Thus, cvenifthe
twisted conductor pair 22 s tightly packed within the subunit 28, the fivst subunit shield
40 can avoid being electrically engaged with the twisted conductor pair 22 along the
length of the cabic 10.

The second subunit insulative layer 46 can be fabricated from any
msulative, non-conductive materials. In a preferred example, the second subumit
insulative layer 46 1s made from a polyester film or a plastic film, such as biaxially-
oricnted polyethyienc tercphthalate (BoPET). Examples of the polyester film or plastic
film include a Mylar® distributed by DuPont Teijin Films. In other embodiments, the

second subumnit insulative layer 46 is made from any msulative, non-conductive materials,

PCT/US2015/037424



WO 2015/200486 PCT/US2015/037424

N

10

[
W

sach as, but not hmited to, polyvinyl chioride (PVC), polypropylene, a polymer, a
fluoropolymer, polyethylene, or the like,

FIG. 4 1s a schematic, cross-sectional view of a third embodiment of a
shiclding configuration for the twisted pair cable 10. As many of the concepts and
features are similar to the first embodiment shown in FIG, 2, the description for the first
cmbediment is hereby incorporated by reference for the third embodiment.

In this embodiment, in addition to the first subunit shield 40, the subunit 28
firrther includes a second subunit shield 50. The second subunit shicid 5O is arranged on
an outer side 52 of the first sobunit insulative layer 42 and at least partially surrounds the
first subunit insulative laver 42, which at least partially surrounds the first subunit shield
40 and the twisted conductor pair 22. The second subumit shicld 50 operates to provide
additional shielding effect to further reduce an amount of crosstalk between the twisted
conductor pairs 22 within the cable 10. The sccond subunit shield 50 can be fabricated
from any conductive materials, such as, but not limited to, a laminated metal tape, an
alumimun polyimide laminated tape, an sluminum biaxially-oriented polyethylenc
terephthalate (BoPET) laminated tape, a braid of conductive strands, fibers, a tube formed
from a continuous (¢.g., a sheet) conductive material, and/or the ke,

The second subunit shield 50 can be electrically connected to the main
shicld 32 by engaging with the main shield 32. In other embodiments, the second sebunit
shield 50 can be clectrically counected to the main shicld 32 via the drain wire 38, The
drain wire 38 can be electrically connected to the second subunit shicld 50 and provide an
clectrical connection between the second subunit shield 50 and a source of ground. The
first subunit shield 40 is isolated from the drain wire 38 and the main shield 32 by the first
subunit insulative layer 42. As such, the first subunit shield 40 is configured to tloat
within the cable 10 and out of engagement with the main shield 32. In other
embodiments, however, the first subunit shield 40 is electrically connected to the drain
wirg 38 so that the first subunit shicld 40 is connected to a source of grovnd. In yet other
embodiments, the first subunit shicld 40 can be clectrically connected to the second
subunit shicld 50 and/or the main shield 32 by partially engaging with the second subunit
shield 50 and/or the main shield 32, or via the drain wire 33,

FIG. 5 i a schematic, cross-sectional view of a fourth embodiment of a
shiclding configuration for the twisted pair cable 10. As many of the concepts and
features are similar to the first embodiment shown in FIG, 2, the description for the first

cmbodiment is herchby incorporated by reference for the fourth embodiment.
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The twisted pair cable 10 in this embodiment has the same configuration as
the cable 10 in the first crabodiment (FIG. 23, except for the conductive main shield 32
and the drain wire 38, In this embodiment, the cable 10 does not have the main shield 32
as shown in FIG. 2. Thus, the cable 10 has a smaller cable diameter whale 1t still can
reduce an amount of crosstalk between the adjacent twisted conductor pairs 22 by the first
subunit shicld 40. The cable 10 also does not inchude the drain wire 3% that could
otherwise be used to provide an electrical connection between the main shield 32 and 2
source of ground. As in the first embodiment, the first subonit shiclds 40 are configured to
float within the cable 10. In other embodimenis, however, the drain wire 3% can be placed
within the cable 10 to provide an electrical cormection between the first subunit shiclds 40
and a source of ground.

FIG. 6 is a schematic, cross-sectional view of a {ifth embodiment of a
shiclding configuration for the twisted pair cable 16. As many of the concepts and
features are similar to the second embodiment shown in FIG. 3, the description for the
second embodiment is hereby tncorporated by reference for the fifth embodiment.

The twisted pair cable 10 in this embodiment has the same configuration as
the cable 10 in the seccond embodiment (FIG. 3), except for the conductive main shicld 32
and the drain wire 38, In this embodiment, the cable 10 does not have the main shield 32
as shown i FIG. 3. Thus, the cable 10 has g smaller cable diameter while it still can
reduce an amount of crosstalk between the adjacent twisted conductor pairs 22 by the first
subunit shicld 40. The cable 10 also does not inchude the drain wire 38 that could
otherwise be used to provide an clectrical connection between the main shield 32 and a
source of ground. As in the sccond cmbodiment, the first sabunit shields 40 are
configured to float within the cable 10, In other embodirnents, however, the drain wire 38
can be placed within the cable 10 to provide an electrical connection between the first
subunit shields 40 and a source of ground,

FIG. 7 is a schematic, cross-sectional view of a sixth embodiment of a
shielding configuration for the twisted pair cable 10. As many of the concepts and
features are similar to the third embodiment shown in FI1G. 4, the description for the thivd
cmboediment is hereby incorporated by reference for the sixth embodiment.

The twisted pair cable 10 in this embodiment has the same configuration as
the cable 10 m the third embodiment (FIG. 4), except for the conductive main shield 32
and the drain wire 38, In this embodiment, the cable 10 does not have the main shield 32

as shown in FIG. 4. Thus, the cable 10 has a smaller cable diameter while it still can
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redoce an amount of crosstalk between the adjacent twisted conductor pairs 22 by the first
subumit shield 40 and the second subunit shield 50. The cable 10 also does not include the
drain wire 38 that could otherwise be used to provide an electrical connection between the
main shicld 32 and a source of ground. In other embodiments, however, the drain wire 38
can be located within the cable 10 to provide an electrical connection between the second
subunit shiclds 50 and a source of ground. As in the third embodiment, the first subunit
shiclds 40 are configured to float within the cable 10, In other embodiments, however, the
drain wire 38 can be placed within the cable 10 to provide an electrical commection
between the first subunit shiclds 40 and a source of ground.

FiIG. 8 13 a schematic, cross-sectional view of a seventh embodiment of a
shiclding configuration for the twisted pair cable 10. As many of the concepts and
features are similar to the first embodiment shown in FIG, 2, the description for the first
cmbodiment is herchy incorporated by reference for the seventh embodiment. The twisted
pair cabic 10 in this crubodiment has the same configuration as the cable 10 in the first
embediment (FIG. 2), except for a main insulative layer 64 and the arrangement of an
inner subunit inselative layer 60.

In this embodiment, the cable 10 further includes the main jnsulative layer
64. The main insulative layer 64 is arranged between the jacket 30 and the main shield 32.
For example, the main insulative layer 64 is located on an inner side 34 of the jacket 30
and is at least partially surrounded by the jacket 30, Furthermore, the main insulative
tayer 64 is located on the outer side 66 of the main shicld 32 and at least partially
sorrounds the main shield 32, The main tnsolative layer 64 can be fabricated from any
insulative, non-conductive materials. In a preferred example, the main insulative layer 64
18 made from a polyester film or a plastic film, such as blaxially-oriented polyethylene
tevephthalate (BoPET). Examples of the polyester film or plastic filn inclade a Mylar®
distributed by DuPont Teyjin Films. In other embodiments, the main msulative layer 64 is
made from any iosulative, non-conductive materials, such as, but not Hmited to, polyvinyl
chlonide (PYC}), polypropylene, a polymer, a fluoropolymer, polyethylene, or the hike.

In this embodiment, the subunit 28 includes the mmer subunit insulative
layer 60, mstead of the first subunit insulative layer 42 as illustrated in the first
embodiment (FIG. 2). The primary difference between the inner subunit insulative layer
60 and the first subunit msulative layer 42 is their arrangement with respect to the first
subunit shield 40. The mner subunit insulative layer 60 is arranged on an inner side 62 of

the first subunit shield 40 and is at least partially surrounded by the first subunit shicid 40.
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The immer subunit insulative layer 60 at least partially surrounds the twisted conductor pair
22. The mner subunit insulative layer 60 can be fabricated from any msulative, non-
conductive materials. In a preforred example, the fst subunit insulative layer 42 is made
from a polyester film or a plastic film, such as biaxially-oriented polyethylene
terephthalate (BoPET). Examples of the polyester film or plastic film include 2 Mylar®
distributed by DuPont Teijin Films. In other cmbodimenis, the inner subunit insulative
tayer 60 is made from any insulative, non-conductive materials, such as, but not Himited to,
polyvinyl chloride (PVC), polypropylene, a polymer, a fluoropolymer, polyethylene, or
the like.

Optionally, the first subunit shicld 40 can be clectrically ongaged with the
main shicld 32 so that the first subumit shicld 40 is connected to a source of ground via the
drain wire 38 that provides an electrical connection between the main shield 32 and the
source of ground. In other embodiments, the first subunit shield 40 can be directly
clectrically engaged with the drain wire 38 so as 10 be connected to a source of ground.

FIG. 9 1s a schematic, cross-sectional view of an eighth embodiment of a
shielding configuration for the twisted pair cabie 10. As many of the conceopts and
features are similar o the first embodument shown in FIG. 2, the description for the first
embediment 15 hereby incorporated by reference for the eighth embodiment.

The twisted pair cable 10 in this embodiment has the same configiration as
the cable 10 o the first embodiment (FIG. 2), except for the main insulative layer 64, As
described in the seventh embodiment with reference to FIG. ¥, the main nsulative layer 64
is arranged between the jacket 30 and the main shield 32, For example, the main
insulative layer 64 s located on an inner side 34 of the jacket 30 and is at least partially
surrounded by the jacket 30, Furthermore, the main tosulative layer 64 is located on the
outer side 66 of the main shield 32 and at least partially surrounds the main shield 32, As
in the first embodiment, the first subunit shield 40 is configored to float within the cable
10. In other embodiments, however, the drain wire 38 can be placed within the cable 10 to
provide an clectrical connection between the first subunit shicld 40 and a source of
ground.

FIG. 10 is a schematic, cross-sectional view of a ninth embodiment of a
shielding configuration for the twisted pair cabie 10. As many of the conceopts and
features are similar to the second embodiment shown  FIG. 3, the description for the

second embodiment is hereby incorporated by reference for the ninth embodiment.

12
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The twisted pair cable 10 in this embodiment has the same configuration as
the cable 10 in the second embodiment (FIG. 3), except for the main insulative layer 64.
As described in the seventh embodiment with reference to FI1G. 8, the main insulative
layer 64 1s arranged between the jacket 30 and the main shield 32, For example, the main
insalative layer 64 is located on an mmer side 34 of the jacket 30 and is at least partially
surrounded by the jacket 30. Furthermore, the main insufative layer 64 is located on the
outer side 66 of the main shield 32 and at least partially surrounds the main shield 32. As
in the first embodiment, the first subunit shield 40 1s configured to float within the cable
10. In other embodiments, however, the drain wire 38 can be placed within the cable 10 to
provide an electrical cormection between the first subunit shicld 40 and a source of
ground.

FIG. 11 is a schematic, cross-sectional view of a tenth embodiment of a
shiclding configuration for the twisted pair cable 16. As many of the concepts and
features are similar to the third embodiment shown in FIG. 4, the description for the third
cmboediment is hereby incorporated by reference for the tenth embodiment.

The twisted pair cable 10 in this embodiment has the same configuration as
the cable 10 in the third embodiment (FI1G. 4), except for the main nsulative layer 64, As
described in the seventh embodiment with reference to FIG. §, the main msulative layer 64
is arranged between the facket 30 and the main shield 32. For example, the main
insulative layer 64 is located on an mner side 34 of the jacket 30 and is at least partially
surrounded by the jacket 30, Furthermore, the main insulative layer 64 s located on the
outer side 66 of the main shicld 32 and at least partially sturounds the main shield 32. As
in the first crabodiment, the first subunit shicld 40 is configured to float within the cable
10. In other cobodimends, however, the drain wire 38 can be placed within the cable 10 1o
provide an electrical connection between the first subumnit shield 40 and a source of
ground.

The above specification, cxamples and data provide a complete description
of the manufacture and use of the composition of the mvention. Since many cmubodiments
of the nvention can be made without departing from the spirit and scope of the invention,

the invention resides in the claims heremafter appended.
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What is claimed is:

L. A cable comprising:

an inselative man jacket;

a main shield located on an inner side of the insulative main jacket and at least
partially surrounded by the msulative main jacket, the main shicld being at least partially
clectrically conductive; and

a plurality of subuniis at least partially strrounded by the main shicld and the
msulative main jacket, each subunit comprising:

a twisted pair of insulated conductors;

a first subunit shield at least partially surrounding the twisted pair, the first
subunit shicld being at least partially clectrically conductive; and

a first subunit insulative layer located on an outer side of the first subunit
shield and at least partially surrounding the first subunit shield and the twisted pair.
2. The cable of claim 1, wherein the first subonit msulative layer is made from

biaxially-oriented polyethylene terephthalate (BoPET).

3. The cable of claim 1, further conprising 2 drain wire located within the main
shield and extending along a length of the cable, the drain wire configured to electrically

connect the main shield to a source of ground.

4. The cable of claim 3, wherein the drain wire is configared to clectrically connect
the first subunit shield to the source of groond.

5. The cable of claim 1, wherein the subunit further coraprises 2 sccond subunit
msulative layer located on an inner side of the first subunit shield and at least partially
soarrounding the twisted pair, the second subunit msulative layer at least partially

surrounded by the first subunit shicld and the fivst subunit wsulative layer.
6. The cable of claim §, further comprising a drain wire located within the main

shicld and extending along a length of the cabie, the drain wire configured to clectrically

connect the main shield to a source of ground.

14



WO 2015/200486 PCT/US2015/037424

7. The cable of claim 6, wherein the dratn wire is configured to electrically connect

the first subunit shield to the source of ground.

8. The cable of claim 1, wherein the subunit further comprises a second subumit
shicld located on an outer side of the first subunit insulative layer and at least partially
surrounding the first subunit insulative layer, the first subunit shigld and the twisted pair,

the second subunit shield being at least partially clectrically conductive.

9. The cable of claim &, wherein the second subunit shield is configured (o engage the

main shield.

10.  Thecable of claim 9, further comprising 2 drain wire located within the main
shicld and extending along a length of the cabie, the drain wire configured to clectrically

connect the second subunit shield and the main shicld to a source of ground.

1. A cable comprising:
an insulative main jacket; and
a plurality of subumits at least partially sarrounded by the insalative main jacket,
each subuonit comprising:
a twisted pair of insulated conductors;
a first subunit shicld at least partially strrounding the twisted pair, the first
sobunit shicld being at least partially electrically conductive; and
a first subunit nsulative layer located on an outer side of the first subunit

shicld and at least partially surrounding the first subunit shicld and the twisted pair.

12. The cable of claim 11, wherein the first subunit inselative layer is made from

biaxially-oriented polyethyicne terephthalate (BoPET).

13 The cable of claim 11, wherein the subunit further comprises a second
sobunit insulative layer located on an inner side of the first subunit shield and at least
partially surrounding the twisted pair, the second subunit insulative layer at least partially

surrounded by the first subumit shield and the first subunit insulative layer,
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14.  The cable of claim 11, wherein the subunit further comprises a second subonit
shield located on an outer side of the first subunit insulative layer and at least partially
surrounding the first subunit insulative layer, the first subunit shicld, and the twisted pair,

the second subunit shield being at least partially electrically conductive.

[I—
wh

A cable comprising:

an fnsulative main jacket;

a main insulative layer located on an inner side of the insulative main jacket and at
least partially surrounded by the insulative main jacket;

a main shicld located on an vmer side of the main insulative layer and at least
partially sorrounded by the main insulative layer, the main shield being at least partially
electrically conductive; and

a plurality of subunits at lcast partially surrounded by the main shicld and the
insulative main jacket, cach subunit comprising:

a twisted pair of insulated conductors;

an inner subunit insulative layer at least partially serrounding the twisted
pair; and

a first subuonit shield located on an outer side of the inner subunit insulative
layer and at least partially sarrounding the inner subunit insulative layer and the twisted

pair, the first subunit shicld being at least partially electrically conductive.

16. A cable comprising:

an insulative main jacket;

a main insulative laver Jocated on an jnner side of the insulative main jacket and at
least partially surrounded by the nsulative main jacket;

a main shicld located on an mmer side of the main insulative layer and at least
partially serrounded by the outer insulative layer, the main shield being at least partially
clectrically conductive; and

a plurality of subunits at least partially surrounded by the mam shield and the
insulative main jacket, cach sobunit comprising:

a twisted pair of insulated conductors;
a first subuonit shield at least partially surrounding the twisted pair, the first

subunit shield being at least partially electrically conductive; and

16
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a first subunit imsulative layer located on an outer side of the first subunit

shield and at least partially surrounding the first subunit shicld and the twisted pair.

17, Thecable of claim 16, wherein the subunit firther comprises a second subumit
insulative layer located on an inner side of the first subunit shield and at least partially
surrounding the twisted pair, the sccond subunit insulative layer at least partially

surrounded by the first subunit shield and the first subunit insulative layer.

18, The cable of claim 16, wherein the subunit further comprises a sccond subunit
shield located on an outer side of the first subunit fnsulative layer and at least partially
surrounding the first subunit insulative layer, the first subunit shield and the twisted pair,

the second subunit shicld being at least partially electrically conductive.

17



PCT/US2015/037424

WO 2015/200486

1/4



PCT/US2015/037424

WO 2015/200486

2/4



WO 2015/200486 PCT/US2015/037424

=‘—‘:l“l~ £
@) 0
Iul‘ .. &
-
!ll"jlll.\‘t\‘lll

gl

)
‘ /
e \anrfarg

3/4

FIG. 7

FIG. 6



WO 2015/200486 PCT/US2015/037424

FIG. 11

%
A~

W

=|

—
T —

e W—
[TL1]
X~
N

- gh

e
N\
[ ' ooy ‘ ..“
< 4‘%’:’ .‘

T
N ]
"’- 'ajllll..
i

A
iy

(7 iy
N H 8
sS\&Y =1z
R
“..Illl“‘
NS,

Az
g
’.‘.

\.i‘ﬁllllj‘é»}’\(;\

RS
D]

4/4



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2015/037424

A. CLASSIFICATION OF SUBJECT MATTER
HO01B 11/02(2006.01)i, HO1B 13/22(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1B 11/02; HO1B 11/06; HO1B 7/00; HO1B 7/282; HO1B 7/34; GO2B 6/44, HO1B 13/00; HO1B 13/22

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: twisted pair cable, crosstalk, shield, drain wire

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2010-287355 A (YAZAKI CORP.) 24 December 2010 1-2,11-12,16
See paragraphs [0022]-[0040] and figures 1-2.
Y 3-10,13-15,17-18
Y US 5956445 A (GREGORY J. DEITZ, SR. et al.) 21 September 1999 3-10,13-15,17-18
See column 4, line 1 — column 5, line 2 and figures 2-3.
A US 8664532 Bl (JEFFREY D. HERRIN) 04 March 2014 1-18
See column 2, line 10 - column 3, line 54 and figures 1-2.
A US 2014-0096996 A1 (ROCKWELL AUTOMATION TECHNOLOGIES, INC.) 10 April 2014 1-18
See paragraphs [0029]-[0043] and figure 2.
A US 6452107 Bl (MATTHEW T. KEBABJIAN) 17 September 2002 1-18
See column 5, line 7 — column 6, line 33 and figures 1-3.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
08 October 2015 (08.10.2015)

Date of mailing of the international search report

08 October 2015 (08.10.2015)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-10, Seo-gu, Daejeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

KIM, Sung Gon

Telephone No. +82-42-481-8746

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/037424
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2010-287355 A 24/12/2010 JP 5378073 B2 25/12/2013
US 5956445 A 21/09/1999 US 5666452 A 09/09/1997
US 8664532 Bl 04/03/2014 US 7880089 Bl 01/02/2011
US 2014-0096996 Al 10/04/2014 None
US 6452107 Bl 17/09/2002 None

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

