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EXTENDED CURL S-SHIELD

BACKGROUND OF THE INVENTION
1. Field of the Invention

[601] The present invention relates to a twisted pair cable for communication of
high speed signals, such as a local area network (LAN) cable. More particularly, the
present invention relates to a twisted pair cable having at least one condﬁctivc—: separator
tape between twisted pairs within the cable, which reduces or eliminates the likelihood of
transmission errors because of internal or alien crosstalk, and hence allows for a

relatively higher bit rate transmission.

2. Description of the Related Art

[602] Along with the greatly increased use of computers for homes and offices,
there has developed a need for a cable, which may be used to connect peripheral
equipment to computers and to connect plural computers and peripheral equipment into a
common network. Today's computers and peripherals operate at ever increasing data
transmission rates. Therefore, there is a continuing need to develop a cable, which can
operate substantially error-free at higher bit rates, by satisfying numerous elevated
operational performance criteria, such as a reduction in internal and alien crosstalk when

the cable is in a high cable density application. e.g. routed alongside other cables.

[603] Figures | and 2 show a typical shielded twisted pair cable 1 and a twisting
scheme employed for the four pairs of wires (a first pair A, a second pair B, a third pair C
and a fourth pair D). A dielectric separator tape 3 separates twisted pairs A and C from
twisted pairs B and D. The twisted pairs A, B, C and D in combination with the separator
tape may be twisted in the direction of arrow 5 (e.g., opposite to the twist direction of the
twisted pairs A, B, C and D) to form a stranded core. The stranded core is surrounded by

a shielding layer 7. The shielding layer 7 may be formed of a conductive foil, and the
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foil's edges may partially overlap at area 9. A dielectric jacket 11 then surrounds the

shielding layer 7.

{004] Each twisted wire pair A, B, C and D includes two insulated conductors.
Specifically, the first twisted wire pair A includes a first insulated conductor 13 and a
second insulated conductor 15. The second twisted wire pair B includes a third insulated
conductor 17 and a fourth insulated conductor 19. The third twisted wire pair C includes
a fifth insulated conductor 21 and a sixth insulated conductor 23. The fourth twisted wire

pair D includes a seventh insulated conductor 25 and an eighth insulated conductor 27.

{005] Each twisted wire pair A, B, C and D is formed by having its two
insulated conductors continuocusly twisted around each other. For the first twisted wire
pair A, the first conductor 13 and the second conductor 15 twist completely about cach
other, three hundred sixty degrees (a), at a first interval w along the length of the cable 1.
For the second twisted wire pair B, the third conductor 17 and the fourth conductor 19
twist completely about cach other, three hundred sixty degrees (b), at a second interval x
along the length of the cable 1. For the third twisted wire pair C, the fifth conductor 21
and the sixth conductor 23 twist completely about each other, three hundred sixty degrees
(c), at a third interval y along the length of the cable 1. For the fourth twisted wire pair
D, the seventh conductor 25 and the eighth conductor 27 twist corpletely about each
other, three hundred sixty degrees (d), at a fourth interval z along the length of the cable
1.

[0606] Fach of the wire pairs A, B, C and D has a fixed twist interval w, x, y, z,
respectively. Bach of the twist intervals w, x, v, z is different from the twist interval of
the other wire pairs. As is known in the art, such an arrangement assists in reducing
crosstalk between the wire pairs within the cable 1, which is referred to as internal
crosstalk. In one embodiment of the prior art, each of the twisted wire pairs A, B, C and
D has a unique fixed twist interval of slightly more than, or less than, 0.500 inches.

Table 1 below summarizes the twist interval ranges for the twisted pairs A, B, Cand D.
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. TABLE 1
Twisted |  Twist Length Min. ‘Max
Pair Twist Twist
Length Length
A 0.440 0.430 : 0.450
B | 0.410 0.400 0.420
'  0.596 0.580 0.610
D 0.670 0.650 0.690

[007] A cable I, as described above and depicted in Figures 1 and 2, has enjoyed
success in the industry. However, with the ever-increasing demand for faster data rate
transmission speeds, it has become apparent, that the cable 1 of the prior art suffers
drawbacks. For example, the background art's cable 1 exhibits unacceptable levels of

internal and alien near end crosstalk at higher data transmission rates.

SUMMARY OF THE INVENTION

[008] The Applicant has appreciated that at higher data transmission rates, the
internal and alien crosstalk are more problematic. The crosstalk transmitted from, and
received by, the pairs with the longer twist lengths are the most problematic. Therefore,
in the prior art, the dielectric separator 3 is placed so as to separate and distance the two
twisted pairs C and D with the longest twist lengths v and z. However, this technique of
employing the separator 3 may be insufficient when the data transmission rate is

increased.

{00%8] Hence, a new cable structure to reduce the influences of internal and alien

crosstalk is needed in the art as the data transmission rates are increased.



10

15

20

25

WO 2014/152302 PCT/US2014/027186

[010] The Applicant has invented a twisted pair cable with new structural
features, the object of which is to enhance one or more performance characteristics of a
LLAN cable, such as reducing internal and alien crosstalk, insertion loss, maiching
impedance, reducing propagation delay and/or balancing delay skew between twisted
pairs, and/or to enhance one or more mechanical characteristics of a LAN cable, such as
improving flexibility, reducing weight, reducing cable diameter and/or reducing smoke

emitied in the event of a fire.

[011] These and other objects are accomplished by a cable that includes a jacket
surrounding a cable core. The cable core includes four twisted pairs. One or more S-
shaped separators are disposed amongst the twisted pairs. The S-Shaped separators may
be formed with two lavers or three layers, wherein at least one layer is conductive.
Where two S-shaped separators are disposed within the cable, a third conductive tape
may be used to electrical connect the first and second S-shaped separators. In alternative
embodiments, one or both ends of an S-shaped separator make electrical contact to mid-

portions of the separator to create one or two shielding cambers within the cable.

[012] Further scope of applicability of the present invention will become
apparent from the detailed description given hereinafter. However, it should be
understood that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[613] The present invention will become more fully understood from the
detailed description given hereinbelow and the accompanying drawings which are given

by way of illustration only, and thus, are not limits of the present invention, and wherein:

[014] Figure 1 is a perspective view of a shielded, twisted pair cable, in

accordance with the prior art;
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[015] Figure 2 is a cross sectional view taken along line II--II in Figure 1;

[018] Figure 3 is a perspective view of a twisted pair cable, in accordance with a

first embodiment of the present invention;
[617] Figure 4 is a cross sectional view taken along line IV--1V in Figure 3;
[018] Figure 5 is a cross sectional view taken along line V--V in Figure 4;

[618] Figure 6 is a cross sectional view, similar to Figure 4, but showing a

twisted pair cable, in accordance with a second embodiment of the present invention;

[020] Figure 6A is a close-up view of a fold in the outer shielding layer in

Figure 6;
[021] Figure 7 is a cross sectional view taken along line VII--VII in Figure 6;

[022] Figure 8 is a cross sectional view, similar to Figure 6, but showing a

twisted pair cable, in accordance with a third embodiment of the present invention;

[023] Figure 9 is a cross sectional view, similar to Figure 8, but showing a

twisted pair cable, in accordance with a fourth embodiment of the present invention;

[024] Figure 10 is a cross sectional view, similar to Figure 4, but showing a

twisted pair cable, in accordance with a fifth embodiment of the present invention; and

[025] Figure 11 is a cross sectional view of a cable including two S-shaped tape

separators;

[0268] Figure 12 is a cross sectional view showing a twisted pair cable, in

accordance with a first alternative to the arrangement in Figure 11;

[027] Figure 13 is a cross sectional view showing a twisted pair cable, in

accordance with a second alternative to the arrangement in Figure 11;

[028] Figure 14 is a cross sectional view showing a twisted pair cable, in

accordance with a third alternative to the arrangement in Figure 11;

5
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[029] Figure 14A is a cross sectional view showing a modification of the cable

in Figure 14;

[0630] Figure 15 is a cross sectional view showing a twisted pair cable, in

accordance with a fourth alternative to the arrangement in Figure 11; and

[631] Figure 16 is a cross sectional view showing an alternative twisted pair

structure, which may be substituted in the above embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[032] The present invention now is described more fully hereinafter with
reference to the accompanying drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will

fully convey the scope of the invention to those skilled in the art.

[033] Like numbers refer to like elements throughout. In the figures, the
thickness of certain lines, layers, components, elements or features may be exaggerated
for clarity. Broken lines illustrate optional features or operations unless specified

otherwise,

[034] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. Unless otherwise
defined, all terms (including technical and scientific ‘f.crms) used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. It will be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of the specification and relevant art and should not be

interpreted in an idealized or overly formal sense unless expressly so defined herein.
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Well-known functions or constructions may not be described in detail for brevity and/or

clarity.

[035] As used herein, the singular forms "a", "an" and "the" are intended to
inctude the plural forms as well, unless the context clearly indicates otherwise. It will be
further understood that the terms "comprises” and/or "comprising,” when used in this
specification, specify the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof. As
used herein, the term "and/or" includes any and all combinations of one or more of the
associated listed items. As used herein, phrases such as "between X and Y" and
"hetween about X and Y" should be interpreted to include X and Y. As used herein,
phrases such as "between about X and Y" mean "between about X and about Y." As used

herein, phrases such as "from about X to Y" mean "from about X to about Y."

[036] It will be understood that when an clement is referred to as being "on”,
“sttached” to, "connected” to, "coupled” with, "contacting”, etc., another element, it can
be directly on, attached to, connected to, coupled with or contacting the other element or
intervening elements may also be present. In contrast, when an element is referred to as
being, for example, "directly on", "directly attached" to, "directly connected" to, "directly
coupled” with or "directly contacting™ another element, there are no intervening elements
present. It will also be appreciated by those of skill in the art that references to a
structure or feature that is disposed "adjacent” another feature may have portions that

overlap or underlie the adjacent feature.

[037] Spatially relative terms, such as “onder”, “below”, “lower”, “gver”,
“upper”, “lateral”, “left”, “right” and the like, may be used herein for ease of descripﬁon
to describe one element or feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spatially relative terms are
intended to encompass different orientations of the device in use or operation in addition
to the orientation depicted in the figures. For example, if the device in the figures is

inverted, elements described as “under” or “beneath” other elements or features would
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then be oriented “over” the other elements or features. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the descriptors of relative spatial

relationships used herein interpreted accordingly.

[038] Figure 3 is a perspective view of a twisted pair cable 31A, in accordance
with a first embodiment of the present invention. Figure 4 is a cross sectional view of the
cable 31A taken along line TV--IV in Figure 3. The cable 31A includes a jacket 32
formed around and surrounding a cable core. The cable core includes first, second, third
and fourth twisted pairs 33, 34, 35 and 36. The cable core may also include an outer
shielding layer 7' surrounding the first, second, third and fourth twisted pairs 33, 34, 35
and 36. The outer shielding layer 7' may be formed of a conductive layer, e.g., a foil
layer, on a nonconductive layer, e.g., a mylar layer, and the edges of the outer shielding
layer 7' may partially overlap at area 9'. The jacket 32 may be formed of
polyvinyichloride (PVC), low smoke zero halogen, polyethylene (PE), fluorinated
ethylene  propylene  (FEP), polyvinylidene fluoride (PVDF),  ecthylene
chi.orotriﬂﬁaroethyiene (ECTFE), or other foamed or solid materials comunon to the

cabling art.

[038] The first twisted pair 33 includes a first insulated conductor 37 formed by
a first insulating material 37A surrounding a first conductor 37B, and a second insulated
conductor 38 formed by a second insulating material 38A swrrounding a second
conductor 38B, wherein said first and second insulated conductors 37 and 38 are twisted
about each other to form the first twisted pair 33.

[040] The second twisted pair 34 includes a third insulated conductor 39 formed
by a third insulating material 39A surrounding a third conductor 39B, and a fourth
insulated conductor 40 formed by a fourth insulating material 40A surrounding a fourth
conductor 40B, wherein said third and fourth insulated conductors 39 and 40 are twisted
about each other to form the second twisted pair 34,

[644] The third twisted pair 35 includes a fifth insulated conductor 41 formed by
a fifth insulating material 41A surrounding a fifth conductor 41B, and a sixth insulated

conductor 42 formed by a sixth insulating material 42A surrounding a sixth conductor
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428, wherein said fifth and sixth insulated conductors 41 and 42 are twisted about each
other to form the third twisted pair 35.

[042] The fourth twisted pair 36 includes a seventh insulated conductor 43
formed by a seventh insulating material 43A surrounding a seventh conductor 43B, and
an eighth insulated conductor 44 formed by an eighth insulating material 44A
surrounding an eighth conductor 44B, wherein said seventh and eighth insulated
conductors 43 and 44 are twisted about each other to form the fourth twisted pair 36.

[043] The twist lengths w, X, y and z of the first, second, third and fourth twisted
pairs 33, 34, 35 and 36 may be the same as listed in Table 1 for twisted pairs A, B, C and
D, respectively. For example, a first twist length w of the first twisted pair 33 may be
shorter than a third twist length v of the third twisted pair 35, and a second twist length x
of the second twisted pair 34 may be shorter than a fourth twist length z of the fourth
twisted pair 36. It should be noted that other twist lengths than those listed in Table 1
may be employed while practicing the benefits of the present invention.

[044] The first through eighth insulating materials 37A-44A may be formed of a
flexible plastic material having flame retardant and smoke suppressing properties, such as
a polymer or foamed polymer, common to the cabling art, like fluorinated ethylene
propylene {FEP), polyethylene (PE) or polypropylene (PP). A radial thickness of the
first through eighth insulating materials 37A-44A would typically be greater than seven
mils, such as about tens mils or about eleven mils. The first through eighth conductors
37B-44B may be solid or stranded, and may be formed of a conductive metal or alloy,
such as copper. In one embodiment, the first through eighth conductors 37B-44B are

each a solid, copper wire of about twenty three gauge size.

[645] In one embodiment of the invention, the first and third twisted pairs 33
and 35 reside in approximately a first half of the cable 31A, and the second and fourth
twisted pairs 34 and 36 reside in approximately a second half of the cable 31A. A region
R between the first and second halves of the cable 31A defines a middle region. The
middle region R is defined at a particular cross section of the cable, as depicted in the
drawings. Of course, if the core of the cable 31A is stranded, the middle region R would
rotate to different positions, as the core strand correspondingly rotates along the length of

the cable 31A.
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[048] A separator tape S1A is located within the jacket 32 and separates the first
and third twisted pairs 33 and 35 from the second and fourth twisted pairs 34 and 36.
The tape separator STA has a first edge 53 and an opposite second edge 55. The first and
second edges 53 and 55 extend in a same general direction as an extension length of the
cable 31A. The first edge 53 is disposed proximate the first twisted pair 33. The tape
separator STA extends from the first edge 53 at least partially around the first twisted pair
33, through said middle region R, then at least partially around the second twisted pair
34, and ends at the second edge 55. The resulting cross sectional shape of the separator
tape S1A is S-shaped. Of course, the S-shape shown in Figure 4 could be a mirror image

about a vertical mid-axis, to make a backwards S-shape.

[047] As scen in Figure 3, the cable core may be twisted in the direction of
arrow 30 to form a core strand. In the illustrated embodiment, the direction 30 is
opposite to the twist directions of the first, second, third and fourth twisted pairs 33, 34,
35 and 36 and may offer advantages as discussed in the Assignee's U.S. Patent 6,770,819,
which is incorporated herein by reference. However, this is not a necessary feature, as
the benefits of the present invention will stili be apparent with the core strand's direction
30 being the same as the pair twist directions. The core strand length may be
approximately two inches, although other lengths may be employed within the spirit of

the present invention.

[048] Figure 5 is a cross sectional view taken along line V--V in Figure 4.
Figure 5 shows the construction of the tape separator 51A. The tape separator S1A is
formed of a first layer 57 and a second layer 59. The first layer 57 is nonconductive and
the second layer 59 is conductive. In one embodiment, the first layer 57 is formed of a
polyester film, and the second layer 59 is formed of a conductive foil. One suitable
material for the polyester film is biaxially-oriented polyethylene terephthalate, e.g.,
Mylar®, and one suitable material for the conductive foil is aluminum, although other
materials may be selected. Suitable thicknesses might be less than 1 mil for each of the
first and second layers 57 and 59.

[048] The nonconductive, first layer 57 provides strength, while the conductive,

second layer 59 provides the S-shaped tape separator 51A with its shielding qualities.

10
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Hence, the tape separator 51A has electrically conductive properties to shield the first and
third twisted pairs 33 and 35 from the second and fourth twisted pairs 34 and 36. The
tape separator 51A greatly reduces the occurrence of internal crosstalk in the cable,
whereas the outer shielding layer 7' greatly reduces alien crosstalk.

[050] Figure 6 is a cross sectional view, similar to Figure 4, but showing a
twisted pair cable 31B, in accordance with a second embodiment of the present invention.
In the second embodiment, the first edge 53 of a tape separator 51B is in electrical
contact with a first mid-portion 54 of the tape separator 51B proximate the middle region
R. Also, the second edge 55 of the tape separator 51B is in electrical contact with a
second mid-portion 56 of the tape separator 51B proximate the middle region R. The

electric contact will be better understood with reference to Fignre 7.

[051] Figure 7 is a cross sectional view taken along line VII--VII in Figure 6.
The tape separator SI1B is formed of at least three layers. A first layer 61 being
conductive, a second layer 62 being nonconductive, and a third layer 63 being
conductive. The second layer 62 is located between the first layer 61 and the third layer
63. The materials used for the conductive, first and third layers 61 and 63, and the non-
conductive, second layer 62 may be the same as the materials described in conjunction

with Figure 5.

[052] As illustrated in Figure 6, the third layer 63 at the first edge 53 of the tape
separator S1RB is in electrical contact with the third layer 63 at the first mid-portion 54 of
the tape separator 51B proximate the middle region R. Also, the first layer 61 at the
second edge 55 of the tape separator 51B is in electrical contact with the first layer 61 at
the second mid-portion 56 of the tape separator 51B proximate the middie region R.
Also, the tape separator 51B is in electrical contact with the outer shielding layer 7' at
points W and H. More specifically, the first layer 61 is in electrical contact with the
conductive layer 59 of the outer shielding layer 7' at point W, and the third layer 63 is
also in electrical contact with the conductive layer 59 of the outer shielding layer 7' at
point H. By this arrangement, internal crosstalk is greatly reduced, as the signals of each

twisted pair are shielded from the signals of the other twisted pairs.

i1
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[053] The cable design of Figure 6 also greatly reduces alien crosstalk. In other
words, the signals of the first, second, third and fourth twisted pairs 33, 34, 35 and 36 are
shiclded from signals of twisted pairs in other adjacent cables via the outer shielding
layer 7'. Optionally, the outer shielding layer's conductive layer 59 is in electrical contact
with itself at the overlap 9', due to a fold F, as best seen in the close-up view of Figure
6A. The fold arrangement illustrated for the outer shielding layer 7' could also be
employed for the tape separator 51B, such that the tape separator 518 would be formed
as a two layer member, e.g., like Figure 5, with folds F used at the first and/or second
ends 53 and 55 to establish electrical conductivity to the first mid-portions 54 and/or 56.

[054] During experimentation, the embodiment of Figure 4 proved sufficient for
lower signal speeds, however at higher signal speeds, the open area between the first and
third pairs 33 and 35, and the open area between the second and fourth pairs 34 and 36
aliowed unacceptable internal crosstatk. Hence, the embodiment of Figure 6 is preferred
for twisted pair cables operating at higher signal speeds.

[055] Figure 8 is a cross sectional view, similar to Figure 6, but showing a
twisted pair cable 31C, in accordance with a third embodiment of the present invention.
Figure 8 illustrates the same electrical contact at the first end 53 of the tape separator 51C
to the first mid-portion 54 of the tape separator 51C, however the second end 55 of the
tape separator S1C is not in electrical contact with the second mid-portion 56 of the tape
separator 51C. The separator tape S1C may be a two layer version as illustrated in the
cross sectional view of Figure 5. As ilfustrated in Figure 8, the conductive second layer
59 at the ﬁrst edge 53 of the tape separator 51C is in electrical contact with the same
conductive, second layer 59 at the first mid-portion 54 of the tape separator 51C,

[056] The embodiment of Figure 8 could prove beneficial in a situation where
the internal crosstalk between the second and fourth twisted pairs 34 and 36 is not very
problematic, e.g., the twist length is very different and/or the signal speed for the
deployment application is not very high. The embodiment of Figure 8 offers the
advantages of a lesser amount of material within the cable 31C, e.g., to reduce the weight
and/or smoke emission in the case of a fire, or to improve the flexibility of the cable 31C

and potentially a reduced manufacturing cost.

12
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{0571 Figure 9 has the same features as Figure 8, but shows a twisted pair cable
31D wherein the first end 53 of tape separator 51D is tucked in rather than out in
comparison the arrangement of Figure 8. In Figure 9, the first end 53 would establish
electrical contact to the second mid—pértion 56 of the tape separator SID. In Figure 9, the
tape separator 51D has the three layer cross section, as shown in Figure 7. Alternatively,
the tape separator 51D could be a two layer member, as shown in Figure 5, and the first
end 53 could include a fold, e.g., like Figure 6A, to create an clectrical connection to the
mid-portion 56 of the separator tape 51D.

[058] Although Figures 8 and 9 illustrate the encirclement of the first twisted
pair 33 by the tape separator 51C or 51D, it should be appreciated that the second twisted
pair 34 could be encircled by the tape separator 51C or 51D. Also, depending upon the
relative twist lengths of the pairs and the problematic pairs within the cable 31C or 31D,
the S-shaped tape separator 51C or 51D may be reoriented to interact with the third and
fourth twisted pairs 35 and 36. Similar to Figures 8 and 9, either of the third or fourth
twisted pairs 35 or 36 may be encircled by the tape separator S1C or 51D. Also, similar
to Figure 6, both of the third and fourth twisted pairs 35 and 36 may be encircled by the
tape separator S1C or 51D in either the tucked out manner (Figure 8} or the tucked in
manned (Figure 9).

[058] Figure 10, is an embodiment of a cable 31E in accordance with the present
invention, which is identical to Figure 4, except the outer shielding layer 7' is not
provided. Should alien crosstalk be of lower concern, e.g., in the instance where the
cable 31E is not to be routed alongside adjacent twisted pair cables, or in an area not
susceptible to electromagnetic interference (EMF), then an outer shielding layer 7' may
not be required, and hence manufacturing costs may be reduced. Each of the
embodiments discussed above in relation to Figures 6, 8 and 9, and the alterations to
those embodiments as mentioned above, may also be employed without the outer
shielding layer 7' where alien crosstalk is not considered problematic.

[060] Figure 11 illustrates an embodiment of a cable 100A in accordance with
the present invention employing two S-shaped separators. In Figure 11, a first S-shaped
tape separator 101 interacts with the first and fourth twisted pairs 33 and 36. The first
tape separator 101 has a first edge 153 and an opposite second edge 155. The first edge
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153 is disposed proximate the first twisted pair 33. The first tape separator 101 extends
from the first edge 153 at least partially around the first twisted pair 33, through the
middle region R, then at least partially around the fourth twisted pair 36, and ends at the
second edge 155. The resulting cross sectional shape of the first separator tape 101 is S-
shaped.

[061] In Figure 11, a second S-shaped tape separator 103 interacts with the
second and third twisted pairs 34 and 35. The second tape separator 103 has a first edge
152 and an opposite second edge 154. The first edge 152 is disposed proximate the third
twisted pair 35. The second tape separator 103 extends from the first edge 152 at least
partially around the third twisted pair 35, through the middle region R, then at least
partially around the second twisted pair 34, and ends at the second edge 154. The
resulting cross sectional shape of the second separator tape 103 is S-shaped.

[062] In Figure 11, a third tape separator 105 interacts with the first and second
tape separators 101 and 103. The third tape separator 105 extends from a first end 161 to
a second end 162. Bach of the first, second and third tape separators 101, 103 and 105
may be formed with three layers in accordance with Figure 7. The purpose of the third
tape separator 105 is to establish an electrical connection between the first tape separator
101 and the second tape separator 103.

[063] Figure 12 illustrates an embodiment of a cable 100B in accordance with
the present invention employing two reversed S-shaped separators 101 and 103. Figure
12 is identical to Figure 11, except that the first and second tape separators 101 and 103
are curved o resemble reverse S-shapes rather than S-shapes. Figure 13 illustrates an
embodiment of a cable 100C in accordance with the present invention which is the same
as the embodiment of Figure 12 except that the third separator 105 has been reoriented
ninety degrees as compared to Figures 11 and 12. The third separator 105 still functions
to establish electrical contact between the first and second tape separators 101 and 103,

[064] Figure 14 illustrates an embodiment of a cable 100D in accordance with
the present invention employing two reversed S-shaped separators 101 and 103. Figure
14 demonstrates that the first and second tape separators 101 and 103 can establish direct
electrical contact without the intervening third tape separator i{}‘i However, as

illustrated in Figure 14, the third and fourth twisted pairs 35 and 36 have no shielding
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layer disposed between them. The arrangement of Figure 14 could be suitable where
internal crosstalk between the third and fourth twisted pairs 35 and 36 is not problematic,
e.g., due to a great difference in twist lengths and/or a slower signal speed. As illustrated
in Figure 14A, the ends of the first tape separator 101 may be extended to contact mid-
portions of the first tape separator 101, in a same manner as depicted in Figure 6, where
the ends 53 and 54 of the tape separator 51B extend to contact the first and second mid-
portions 54 and 56 of the tape separator 51B. Likewise, the second tape separator 103
may have extended ends. Figure 14 also illustrates the outer shielding layer 7. However,
the outer shielding layer 7' is optional and/or may be removed if the cable 100D is
employed in an environment where alien crosstalk is not problematic, e.g., the cable
100D is not adjacent to other cables or sources emitting or susceptible to EMF.

[665] Figure 15 illustrates an embodiment of a cable 100E in accordance with
the present invention employing two reversed S-shaped separators 101 and 103 and the
intervening third tape separator 105'. Figure 15 is similar to Figure 13 except for the
absence of the outer shielding layer 7' and the construction of the third tape separator
105'. The third tape separator 105" is formed as a two layer structure, as shown in Figure
5, and includes a fold at 112, similar to Figure 6A. The cable 100E would exhibit
excellent internal crosstalk performance between the first, second, third and fourth
twisted pairs 33, 34, 35 and 36, but less resistance to alien crosstalk as compared to the
embodiment of Figure 13 due to the absence of the outer shielding layer 7'. Of course,
the embodiments of Figures 11 and 12 may have the outer shiclding layers 7' removed as
well if the cables are employed in environments where alien crosstalk is not problematic,
e.g., the cables are not adjacent to other cables or sources emitting or susceptible to EMF.

[066] In the embodiments of Figures 4, 6, 8-13 and 15, the first and third twisted
pairs 33 and 35 are shielded from the second and fourth twisted pairs 34 and 36. Hence,
it is no longer necessaty to have four different twist lengths within a cable to reduce the
internal crosstalk. Rather, it is only required to have two different twist lengths employed
in the cable. For example, the first twist length w may equal the second twist length x,
and the third twist length v may equal the fourth twist length z.

{067] Such an arrangement offers several advantages. First, there are more

design freedoms in the cable to tune the cable to a specific performance characteristic.

~
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When the cable reguired four different twist lengths, there was a minimum twist length
w, a maximum twist length Z, and two different intermediate twist lengths x and y. The
smaller twist length w was paired with the larger intermediate twist length y on one side
of the separator 3, and the largest twist length z was paired with the smaller intermediate
twist length x on the other side of the separator 3. This pairing was a compromise that
allowed for a sufficient difference in the twist lengths for twisted pairs that were on a
same side of the separator 3. The cable would have performed poorly if the smallest
twist length w and the largest twist length z were deployed on one side of the separator 3,
and the two intermediate twist lengths x and y were deployed on the other side of the
separator 3 because the twist length difference between the two intermediate twist lengths
x and v would have been insufficient to prevent internal crosstalk between the two
twisted pairs 34 and 35 at high data speeds.

[068] With the cables of the present invention, one could employ the smallest
twist length w adjacent to the longest twist length z on one side of the sepatator 51.
Because of the greater difference in twist lengths the internal crosstalk between the two
grouped twisted pairs should be relatively improved as compared to the prior art situation
where the smallest twist length w was paired with the larger intermediate twist length y.
Since, the tape separators of the above noted embodiments completely isolate the first
and third twisted pairs 33 and 33 from the second and fourth twisted pairs 34 and 36, the
two twisted pairs on the other side of the middle region R can also employ twist lengths
of w and z, respectively.

[068] A second advantage is that there are fewer "types" of twisted pairs used in
the cable. In the prior art, a cable manufacturer needs to assemble and store twisted pairs
having four different twist lengths, e.g., twist lengths of w, X, y and z. In the cables of the
noted embodiments of the present invention, the cable manufacturer needs to only
manufacture and store twisted pairs having two different twist lengths, e.g., w and z, or
perhaps w and y.

0768} In the embodiments of Figures 6 and 11-13, each twisted pair is
completely isolated from the other twisted pairs within the cable (potential internal
crosstalk) and from twisted pairs in other cables (potential alien crosstalk). In such

embodiments, it would be possible to have all of the twisted pairs having the same twist
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lengths, hence furthering the advantages noted above concerning the deployment of only
two twists lengths for the twisted pairs.

[071] The alien crosstalk performance in the above described embodiments
could be enhanced by employing a striated jacket, as shown in U.S. Patent 5,796,046 and
published U.S. Application 2005/0133246, both of which are herein incorporated by
reference. The alien crosstalk performance could be further enhanced by employing twist
modulation and/or core strand modulation, as shown in the Assignee’s U.S. Patent
6,875,928, which is incorporated herein by reference.

[072] Figure 16 is a cross sectional view showing an alternative twisted pair 33'
which allows the insulation layers 37A" and 38A' surrounding the conductors 37B and
38B to be made thinner (e.g., less than 7 mils, such as 5 or 6 mils in radial thickness),
which can lead to improvements in cable performance as detailed in the Assignee's prior
U.S. Patent 7,999,184, which is incorporated herein by reference. One, two, three or all
of the first, second, third and fourth twisted pairs 33, 34, 35 and 36 may be replaced with
the twisted pair configuration illusirated in Figure 16, which includes an interposed
dielectric tape 110. Although Figure 10 depicts a particular shape for the dielectric tape
110, other shapes may be employed, such as those shown in the above mentioned U.S.
Patent 7,999,184.

[073] The invention being thus described, it will be obvious that the same may
be varied in many ways. Such variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications as would be obvious to one

skilled in the art are to be included within the scope of the following claims.
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We Claim:

I. A cable comprising:

a first conductor; a first insulating material surrounding said first conductor to
form a first insulated conductor; a second conductor; and a second insulating material
surroundiﬁg said second conductor to form a second insulated conductor, wherein said
first and second insulated conductors are twisted about each other to form a first twisted
pair;

a third conductor; a third insulating material surrounding said third conductor to
form a third insulated conductor; a fourth conductor; and a fourth insulating material
surrounding said fourth conductor to form a fourth insulated conductor, wherein said
third and fourth insulated conductors are twisted about each other to form a second
twisted pair;

a fifth conductor; a fifth insulating material surrounding said fifth conductor to
form a fifth insulated conductor; a sixth conductor; and a sixth insulating material
surrounding said sixth conductor to form a sixth insulated conductor, wherein said fifth
and sixth insulated conductors are twisted about each other to form a third twisted pair;

a seventh conductor; a seventh insulating material surrounding said seventh
conductor to form a seventh insulated conductor; an eighth conductor; and an eighth
insulating material surrounding said eighth conductor to form an eighth insulated
conductor, wherein said seventh and eighth insulated conductors are twisted about each
other to form a fourth twisted pair;

a jacket surrounding said first, second, third and fourth twisted pairs, said first and
third twisted pairs residing in approximately a first half of said cable, and said second and
fourth twisted pairs residing in approximately a second half of said cable, wherein a
region between said first and second hatves of said cable defines a middle region; and

a conductive tape separator disposed within said jacket, said conductive tape
separator having a first edge and an opposite second edge, wherein said conductive tape
separator extends from said first edge at least partially around said first twisted pair,
through said middle region, at least partially around said second twisted pair, and ends at

said second edge, wherein at least one of said first edge of said tape separator and said
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second edge of said conductive tape separator is in electrical contact with a mid-portion

of said conductive tape separator proximate said middle region.

2. The cable according to claim 1, wherein said first edge of said conductive
tape separator is in electrical contact with a first mid-portion of said conductive tape
separator proximate said middle region, and said second edge of said conductive tape
separator is in electrical contact with a second mid-portion of said conductive tape
separator proximate said middle region.

3. The cable according to claim 1, further comprising:
an outer shielding layer, wherein said cuter shiclding layer surrounds said first,

second, third and fourth twisted pairs, and resides within said jacket.

4. The cable according to claim 3, wherein said outer shielding layer is
formed of at least two layers, with a first layer being conductive and a second layer being
nonconductive, and wherein said conductive layer of said outer shielding layer is in direct
electrical contact with said conductive tape separator in a first area adjacent said first
twisted pair, and wherein said conductive layer of said outer shielding layer is in direct
electrical contact with said conductive tape separator in a second area adjacent said

second twisted pair.

5. The cable according to claim 1, wherein said third twisted pair resides on

an opposite side of said conductive tape separator as compared to said fourth twisted pair.

6. The cable according to claim 1, wherein said tape separator is formed of at
least three layers, with a first layer being conductive, a second layer being nonconductive,
and a third layer being conductive, and wherein said second layer is located between said

first and third layers.

7. A cable comprising:

19



10

15

25

30

WO 2014/152302 PCT/US2014/027186

a first conductor; a first insulating material surrounding said first conductor to
form a first insulated conductor; a second conductor; and a second insulating material
surmuradiﬁg said second conductor to form a second insulated conductor, wherein said
first and second insulated conductors are twisted about each other to form a first twisted
pair;

a third conductor; a third insulating material surrounding said third conductor to
form a third insulated conductor; a fourth conductor; and a fourth insulating material
surrounding said fourth conductor to form a fourth insulated conductor, wherein said
third and fourth insulated conductors are twisted about each other to form a second
twisted pair;

a fifth conductor; a fifth insulating material surrounding said fifth conductor to
form a fifth insulated conductor; a sixth conductor; and a sixth insulating material
surrounding said sixth conductor to form a sixth insulated conductor, wherein said fifth
and sixth insulated conductors are twisted about each other to form a third twisted pait;

a seventh conductor; a seventh insulating material surrounding said seventh
conductor to form a seventh insulated conductor; an eighth conductor; and an eighth
insulating material surrounding said eighth conductor to form an eighth insulated
conductor, wherein said seventh and eighth insulated conductors are twisted about each
other to form a fourth twisted pair;

a jacket surrounding said first, second, third and fourth twisted pairs, said first and
third twisted pairs residing in approximately a first half of said cable, and said second and
fourth twisted pairs residing in approximately a second half of said cable, wherein a
region between said first and second halves of said cable defines a middle region; and

a conductive tape separator disposed within said jacket, said conductive tape
separator having a first edge and an opposite second edge, wherein said conductive tape
separator extends from said first edge at least partially around said first twisted pair,
through said middle region, at least partially around said second twisted pair, and ends at
said second edge, wherein said conductive tape separator is formed of at least three
layers, with a first layer being conductive, a second layer being nonconductive, and a
third layer being conductive, and wherein said second layer is located between said first

and third layers.
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g. The cable according to claim 7, further comprising:
an onter shielding layer, wherein said outer shielding layer surrounds said first,

second, third and fourth twisted pairs, and resides within said jacket.

9. The cable according to claim &, wherein said outer shielding layer is
formed of at least two layers, with a first layer being conductive and a second layer being
nonconductive, and wherein said conductive layer of said outer shielding layer is in direct
electrical contact with said conductive tape separator in a first area adjacent said first
twisted pair, and whetein said conductive layer of said outer shielding layer is in direct
electrical contact with said conductive tape separator in a second area adjacent said

second twisted pair.

18. A cable comprising:

a first conductor; a first insulating material surrounding said first conductor fo
form a first insulated conductor; a second conductor; and a second insulating material
surrounding said second conductor to form a second insulated conductor, wherein said
first and second insulated conductors are twisted about each other to form a first twisted
pair;

a third conductor; a third insulating material surrounding said third conductor to
form a third insulated conductor; a fourth conductor; and a fourth insulating material
surrounding said fourth conductor to form a fourth insulated conductor, wherein said
third and fourth insulated conductors are twisted about each other to form a second
twisted pair;

a fifth conductor; a fifth insulating material surrounding said fifth conductor to
form a fifth insulated conducior; a sixth conductor; and a sixth insulating material
surrounding said sixth conductor to form a sixth insulated conductor, wherein said fifth
and sixth insulated conductors are twisted about each other to form a third twisted pair;

a seventh conductor; a seventh insulating material surrounding said seventh
conductor to form a seventh insulated conductor; an eighth conductor; and an eighth

insulating material surrounding said eighth conductor to form an eighth insulated
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conductor, wherein said seventh and eighth insulated conductors are twisted about each
other to form a fourth twisted pair;

a jacket surrounding said first, second, third and fourth twisted pairs, said first and
third twisted pairs residing in approximately a first half of said cable, and said second and
fourth twisted pairs residing in approximately a second half of said cable, wherein a
region between said first and second halves of said cable defines a middle region;

a first conductive tape separator disposed within said jacket, said first conductive
tape separator having a first edge and an opposite second edge, wherein said first
conductive tape separator extends from said first edge at least partially around said first
twisted pair, through said middle region, at least partially around said fourth twisted pair,
and ends at said second edge; and

a second conductive tape separator disposed within jacket, said second conductive
tape separator having a third edge and an opposite fourth edge, wherein said second
conductive tape separator extends from said third edge at least partially around said third
twisted pair, through said middle region, at least partially around said second twisted pair,

and ends at said fourth edge.

11.  The cable according to claim 10, further comprising:

a third conductive tape separator disposed between said first and second
conductive tape separators, wherein said third tape separator establishes conductivity
between said first conductive tape separator and said second conductive tape separator,
wherein said third conductive tape separator is formed of at least three layers, with a first
layer being conductive, a second layer being nonconductive, and a third layer being

conductive, and wherein said second layer is located between said first and third layers.

12.  The cable according to claim 10, further comprising:

a third conductive tape separator disposed between said first and second
conductive tape separators, wherein said third tape separator establishes conductivity
between said first conductive tape separator and said second conductive tape separator,
wherein said third conductive tape separator is formed of at least two layers, with a first

layer being conductive and a second layer being nonconductive.
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13, The cable according to claim 12, wherein said first conductive layer of
said third conductive tape separator is in direct electrical contact with both of said first
conductive tape separator and said second conductive tape separator, and wherein said
third conductive tape separator includes at least one fold where the third conductive tape

separator is folded back onto itself.

14.  The cable according to claim 10, wherein said first edge of said first
conductive tape separator is in electrical contact with a first mid-portion of said first
conductive tape separator, said second edge of said first conductive tape separator is in
electrical contact with a second mid-portion of said first conductive tape separator, said
third edge of said second conductive tape separator is in electrical contact with a third
mid-portion of said second conductive tape separator, and said fourth edge of said second
conductive tape separator is in elecirical contact with a fourth mid-portion of said second

conductive tape separator,

15. The cable according to one of claims 10, 11, 12, 13 or 14, further
comprising:
an outer shielding layer, wherein said outer shielding layer surrounds said first,

second, third and fourth twisted pairs, and resides within said jacket.

23



PCT/US2014/027186

WO 2014/152302

FIG.1
PRIOR ART
FIG.2
PRIOR ART




WO 2014/152302 PCT/US2014/027186




WO 2014/152302 PCT/US2014/027186

()]

1B

/

6

—_—

)
\\(Y

/’“7\_/
/

~U]

627

FIG.7

63



WO 2014/152302 PCT/US2014/027186




PCT/US2014/027186

WO 2014/152302

FIG.10

FIG.11



WO 2014/152302 PCT/US2014/027186




WO 2014/152302 PCT/US2014/027186

.,
FIG.14A



WO 2014/152302 PCT/US2014/027186

8/8




International application No.
PCT/US2014/027186

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
HO1B 11/04(2006.01)i, HO1B 11/06(2006.01)i, HO1B 11/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1B 11/04; HO1B 7/02; HO1B 7/00; HO1B 11/02; HO1B 11/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: twisted, pair, cable, jacket, separator

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2004-0026113 A1 (CRAIG BAHLMANN et al.) 12 February 2004 1-15
See abstract, paragraphs [0038]-[0044], [0073],[0074], claims 22-25 and
figures 1-5,14.

A US 2010-0200267 A1 (JONG-SEB BAECK et al.) 12 August 2010 1-15
See abstract, paragraphs [0039]-[0090] and figures 1-4.

A US 2012-0125658 A1 (MAHESH PATEL) 24 May 2012 1-15
See abstract, paragraphs [0023]1-[0030] and figures 2-4.

A US 2013-0014972 A1 (DAVID A. WIEBELHAUS et al.) 17 January 2013 1-15
See abstract, paragraphs [0043]-[0066] and figures 3-8B.

A US 2011-0168426 A1 (TAE WOO KIM et al.) 14 July 2011 1-15
See abstract, paragraphs [0063]1-[0099] and figures 2,3.

|:| 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

carlier application or patent but published on or after the international
filing date

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

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

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

e

"

o

"pr

"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 undetlying the invention

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

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

'

myn

ng"

Date of the actual completion of the international search

27 August 2014 (27.08.2014)

Date of mailing of the international search report

27 August 2014 (27.08.2014)

Name and mailing address of the [ISA/KR
International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

KIM, Do Weon

Telephone No. +82-42-481-5560

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/027186

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2004-0026113 Al 12/02/2004 AU 2002-361702 Al 30/06/2003
US 2003-0111241 Al 19/06/2003
US 6624359 B2 23/09/2003
US 6974913 B2 13/12/2005
WO 03-052773 Al 26/06/2003

US 2010-0200267 Al 12/08/2010 KR 10-0825408 B1 29/04/2008
US 2010-0108349 Al 06/05/2010
US 7718896 Bl 18/05/2010
US 8357855 B2 22/01/2013
WO 2008-126991 Al 23/10/2008

US 2012-0125658 Al 24/05/2012 CA 2818615 Al 31/05/2012
CN 103238189 A 07/08/2013
EP 2643838 Al 02/10/2013
MX 2013005719 A 30/10/2013
US 8759680 B2 24/06/2014
WO 2012-071290 Al 31/05/2012

US 2013-0014972 Al 17/01/2013 None

US 2011-0168426 Al 14/07/2011 KR 10-1174661 Bl 21/08/2012
KR 10-1174663 Bl 21/08/2012
US 8785782 B2 22/07/2014

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

