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Separator Spline and Cables Using Same

CROSS REFERENCE TO RELATED APPLICATIONS

[001] This application claims the benefit of U.S. Provisional Application No. 60/988,964,

filed November 19, 2007, the entire disclosure of which is incorporated herein by reference.



BACKGROUND OF THE INVENTION

1. Field of the Invention

[002] This disclosure relates to the field of electronic cables. In particular, to high speed

data cables (category or premise cables) and other cables that utilize fillers or splines.

2 . Description of Related Art

[003] Electronic devices, and computers in particular, are starting to become ever more

connected. Just 20 years ago the idea of a computer network where machines talked with

each other was simply a dream. Streaming media, more intense graphics, and interactive

web-based systems are increasingly demanding of speed in network transfer. Today, people

from around the world are connected to computer networks which are both local (such as

LANs) and worldwide in scope (such as the Internet).

[004] As computers have become increasingly interconnected, there has arisen a more

pronounced need for the cables and connectors used to connect them to be able to transfer

more information in the same amount of time. While wireless networks have attracted a lot

of attention recently, the vast majority of networks, and particularly of high speed networks,

still communicate by sending electrical signals across conductors wired between them and

therefore, as the networks push to be faster, the cables need to adapt to allow faster

communication.

[005] One particularly useful type of cable in the computer networking arena are the

so-called "category" cables of which category 6 (or CAT6) is currently one of the standards

utilized with category 5 or 5e (CAT5, CAT5e) also being used on a fairly regular basis. In

category cable, it is necessary to meet certain performance characteristics set by a standards

setting organization (such as the TIA, ISO, or IEEE) for critical performance attributes such

as near-end cross-talk (NEXT), cross-talk ratio (ACR), Equal Level Far End Crosstalk

(ELFEXT), and the like. Generally, the higher the number of the cable, the more rigorous the



requirements and the faster communication the cable is designed for. These standards are set

so that networks utilizing the cable can operate and transfer at particular speeds without

suffering from loss of data or other problematic concerns. In many respects, the standard

defines the label. A CAT6 cable meets certain performance characteristics and therefore can

be called "CAT6." That cable can then also be utilized in a network requiring the specific

speed of the standard.

[006] The exacting standards required for data speed and electrical characteristics of CAT6

or higher cable relate in many cases to cross-talk in the cable. This includes NEXT and

special categories such as far-end cross-talk (FEXT), and Power Sum NEXT (PSNEXT).

Cross-talk is the interference in one channel from an adjacent channel and, in particular,

relates to the cross-talk or signal interference between two component cables or wire pairs.

Category cables generally utilize four component cables each of which is formed of a twisted

pair. Each twisted pair comprises two individual conductors or wires (generally insulated

from each other) which are twisted about each other to form a generally double helix shape.

Over a length of the component cable, the shape of the twisted pair approaches a cylindrical

shape.

[007] Each of these component cables, and any other components included in the cable, are

then generally encased in a jacket which forms the resultant cable. Cross-talk occurs when

electrical impulses from one component cable (wire pair) can migrate to a different wire pair

within this cable. That is, the component cables "talk" in a manner that is undesirable by

sharing signals or allowing signals to finish propagating in a component other than the one in

which they began propagating. Cross-talk can serve to corrupt data, and in high-speed

networks, can cause the network to slow. Cross-talk is a significant concern in trying to build

category cable because digital data which is propagated incorrectly can be misunderstood

when received and therefore has to be re-sent and/or ignored. The problem is particularly



acute in CAT6 cables where, in its optimal format, all four twisted pairs (component cables)

are utilized for data transmission.

[008] In many early cable designs, the insulation on each wire in the twisted pair was

sufficient to prevent cross-talk between the component cables. Higher standards are generally

too rigorous, however, for this limited prevention and it is desirable to further insulate the

twisted pairs from each other. This insulation may be performed by physical separation. In

most cases, however, the separation cannot be maintained within the resultant cable without

additional structure and a physical barrier is necessary.

[009] Previously, twisted pair data cables (category cables) have tried to meet the

requirements by using "X", "+", or other cross-shaped fillers (or splines as they are

sometimes called) which are placed within the cable jacket to separate the twisted pairs from

each other. These designs all have the same general layout. There are four twisted-pairs

included in the cable which are arranged about the central filler. Each twisted pair is placed

in a single "V" formed by two-legs of the cross, placing the material of the filler between

each twisted pair. In effect, the two neighboring twisted pairs are separated by a leg of the

filler. The filler material (which is generally insulative) then serves to inhibit cross-talk

between the different twisted pairs. One such cross-shaped filler is described in United States

Patent No. 6,297,454, the entire disclosure of which is herein incorporated by reference.

[010] While these fillers have helped improve cross-talk characteristics, they are not

necessarily ideal in all situations. Cross-shaped fillers keep the twisted pairs separated by

some of the filler material, even when compressed, but often do so at the expense of over¬

correction. A cross-shaped filler inhibits motion of the component cables and the cross talk

between them by placing a physical barrier between each of the component cables. This

barrier prevents cross-talk by keeping each pair of component cables separated by the barrier



of the material of the spline. However, this physical barrier can be unnecessary with regards

to certain of the pairs for the prevention of certain levels of cross talk.

[Oil] The inclusion of unnecessary material to form the cross-shaped spline for cables

designed to meet these standards therefore can make the cross-shaped construction both more

expensive and more difficult to manufacture without it being really necessary. Further,

because of the excess material within the cable, the resulting cable can have an increased fire

risk and is generally more rigid and physically larger in construction than may be necessary.

These characteristics can make the cable less useful and harder to work with.

[012] It is therefore desired in the art to have a spline which can provide for inhibition to

cross talk between component cables so as to produce cables suitable for meeting certain data

transfer requirements, without having to have the expense or manufacturing difficulty of a

filler that places unnecessary physical barriers between adjoining component cables when

such physical barrier is unnecessary to inhibit the cross talk sufficiently to meet the standard.

Alternatively, the removed material can be repositioned in the spline to enhance overall

performance at the same general cost.



SUMMARY OF THE INVENTION

[013] For these and other reasons there are described herein multi-part cables, methods of

constructing multi-part cables, and other related systems, networks, and structures for forming

cables, such as but not limited to, category cables (e.g., CAT6 cable) or other data cables,

which include a separator spline or filler. This will generally be in the form of a T-shaped

filler for a standard cable configuration including four twisted pair component cables. The T-

shaped filler provides for a spline which provides physical separation where it is most needed

in a four pair cable, while eliminating a leg from a more traditional X-shaped spline for the

least needed material separation portion to provide for material savings in the spline's

construction and generally provide a cable which can utilize less material, may be easier to

construct and use, and still meets desired data transmission standards.

[014] Described herein, in an embodiment, is a multi-part cable such as, but not limited to a

category (e.g. CAT5, CAT5e, CAT6, or higher) data cable, comprising: a number of

component cables, the number of component cables being equal to or greater than three; and a

T-shaped spline having a longitudinal axis extending along the longitudinal axis of the cable;

wherein the spline comprises a main beam and an auxiliary beam which extends from one

side of the main beam at or about the center of the main beam, and generally has a latitudinal

dimension about one half the dimension of the main beam. In an embodiment where four

component cables are present, the T-shaped spline serves to form a physical barrier between

all but a single pair of the component cables. Depending on embodiment, this unseparated

pair may be any of the pairs, but is often the pair comprising the shortest lay (Sl) and shortest

long lay (Ll) component cables.

[015] In an embodiment, each of the component cables comprises a twisted pair of insulated

conductors which may be twisted into a double helix.



[016] In an embodiment, the multi-part cable may further include a jacket enclosing the

surfaced filler and the component cables and/or a shield which may enclose the surfaced filler

and the component cables, the shield being enclosed by the jacket or not.

[017] Disclosed herein, among other things, are multi-part cables such as category 5, 5e or 6

(CAT5, CAT5e or CAT6) cables or other data cable designs which include multiple

component cables and a T-shaped spline within a single jacket. In particular, each of these

multi-part cables generally comprises at least two twisted pair data cables each of which is

formed of two intertwined (generally as a double helix), individually insulated conductors

(and possibly an external shield) and a T-shaped filler having a generally T-shaped cross

sectional shape. In an embodiment, the T-shape is formed by the removal of one arm of an

otherwise regular "plus-sign" (+) shape having arms of equal length.

[018] There is described herein, among other things, a multi-part cable comprising: at least

three component cables; and a T-shaped spline having a longitudinal axis extending along the

longitudinal axis of the cable; the spline comprising: a main beam; and an auxiliary beam

which extends from one side of the main beam at or about the center of the main beam, and

generally has a latitudinal dimension about one half the dimension of the main beam.

[019] In an embodiment of the cable the at least three component cables comprises at least

four component cables.

[020] In an embodiment of the cable the T-shaped spline serves to form a physical barrier

between all but a single pair of the component cables which may be the shortest lay (Sl) and

shortest long lay (Ll) component cables.

[021] In an embodiment of the cable the cable meets the criteria set out by one of the

standards selected from the group of standards consisting of: category 5, category 5e, and

category 6.



[022] In another embodiment of the cable each of the component cables comprises a twisted

pair of insulated conductors which may be twisted into a double helix.

[023] In another embodiment the cable also comprises an insulative jacket enclosing the T-

shaped filler and the component cables.

[024] In another embodiment the cable also comprises a shield which encloses the T-

shaped filler and the component cables which may in turn be enclosed by an insulative jacket.

[025] There is also described herein a multi-part cable comprising: four twisted pair data

cables each of which is formed of two intertwined individually insulated conductors having a

longitudinal axis; a T-shaped filler having a generally T-shaped cross-sectional shape with

three arms and a longitudinal axis; and an insulative jacket enclosing the data cables and the

T-shaped filler along their longitudinal axes; wherein two of the at least four cables are not

separated by an arm of the T-shaped filler.

[026] In an embodiment of the cable the two cables not separated by an arm of the T-shaped

filler comprise the shortest lay (Sl) and shortest long lay (Ll) twisted pair data cables.

[027] In another embodiment of the cable the cable meets the criteria set out by one of the

standards selected from the group of standards consisting of: category 5, category 5e, and

category 6.

[028] There is also described herein a multi-part cable comprising: at least three component

cables; and a spline having a longitudinal axis extending along the longitudinal axis of the

cable; the spline comprising: a central beam having a longitudinal dimension and a latitudinal

dimension; and a plurality of arms each of which extends from the central beam along the

latitudinal dimension in a radial fashion and extends the longitudinal dimension of the central

beam; wherein, there is one fewer arm in the plurality of arms than there are component

cables.



[029] There is also described herein a multi-part cable comprising: at least three component

cables; and a spline having a longitudinal axis extending along the longitudinal axis of the

cable; the spline comprising: a central beam having a longitudinal dimension and a latitudinal

dimension; and a plurality of arms each of which extends from the central beam along the

latitudinal dimension in a radial fashion and extends the longitudinal dimension of the central

beam; wherein the arms are arranged to have angles between them; one of the angles being

about double each of the other angles, which are about the same.

[030] There is also described herein a collected cable comprising: a plurality of multi-part

cables, each of the multi-part cables comprising: at least three component cables; and a T-

shaped spline having a longitudinal axis extending along the longitudinal axis of the cable;

the spline comprising: a main beam; and an auxiliary beam which extends from one side of

the main beam at or about the center of the main beam, and generally has a latitudinal

dimension about one half the dimension of the main beam.



BRIEF DESCRIPTION OF THE DRAWINGS

[03 1] FIG. 1 Provides a conceptual cut-through view of a data cable including a T-shaped

spline.

[032] FIG. 2 provides conceptual cut-through views of alternative arrangements of a T-

shaped spline in data cables.

[033] FIG. 3 provides a conceptual cut-through view of a 25 pair cable formed of a number

of individual data cables using T-shaped splines.

[034] FIG. 4 provides a perspective view of an embodiment of a data-cable including a T-

shaped spline.



DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[035] FIG. 1 shows a cross-sectional representative view of an embodiment of a cable (100)

including a T-shaped spline (201). This view is taken along the plane of the latitudinal

dimension of the cable showing a cross section across the longitudinal dimension which

extends into and out of the sheet. The cable comprises four component cables (101), (103),

(105), and (107). In this conceptual cross-section, these component cables (101), (103),

(105), and (107) are indicated by circles to show the general area taken up by each cable as is

conventional in illustrations in the industry. FIG. 4 provides for a perspective view of an

embodiment of a cable showing a more realistic example of each twisted pairs' layout. These

component cables (101), (103), (105), and (107) will generally comprise two individually

insulated conductors, which are wrapped around each other in a generally helical construction

to provide for a twisted-pair data cable.

[036] The four component cables (101), (103), (105) and (107) are also marked in FIG. 1 to

indicate their lay. Cable Sl is the shortest lay cable (101), cable S2 is the longest short lay

cable (103), cable Ll is the shortest long lay cable (105), and cable L2 is the longest lay cable

(107). The cables will generally be referred to by their lay throughout this disclosure as the

cable can obviously be rotated in physical space without altering the arrangement of the

internal component cables. The cable (100) further includes a T-shaped spline (201) and an

outer jacket (251) which surrounds the spline (201) and the component cables (101), (103),

(105), and (107) .

[037] The outer jacket (251) can be designed to be an insulative enclosure, as is common in

most types of cable, being made from rubber, plastic, or similar materials. Alternatively, the

jacket may be metallic or otherwise conductive. This latter option is often used in a so-called

"armored" cable construction. In a still further embodiment, multiple outer jackets (251) may

be used in a single cable. Specifically, there may be an inner conductive jacket which is in



turn enclosed by an outer insulative jacket. Still further, a wrap which does not necessarily

enclose the internal components (for example, a thin wire helically wrapped about the spline

and data cables) may be used in conjunction with an outer jacket.

[038] The inclusion of the T-shaped spline (201) generally allows for cross pair ratios to be

reduced and increase the adjacent pair ratios for improved NEXT, lower skew (min to max

lay difference is reduced), and better Alien Near End Crosstalk (ANEXT) (shorter lays).

[039] The use of the T-shaped spline (201) allows for improved spacing of pairs for

improved Transverse Conversion Loss (TCL), while maintaining more uniform NEXT and

other internal electricals, generally with less filler material usage. Specifically, since the

spline (201) utilizes fewer arms than a more standard "X" shaped spline, the spline can be

made of similar size using only 3/4 as much material as an "X" shaped spline. Alternatively,

material from the "missing" arm may be redistributed to other parts of the spline to

potentially provide improved characteristics through such redistribution.

[040] In principle, the longer lay S2 (103) and L2 (107) pairs generally need physical

separation, as do adjacent pairs in order to provide for sufficient NEXT. The shorter lay

length Sl and Ll pairs generally have an inherent advantage on NEXT and do not generally

require the physical separation of the adjacent and longer lay cross-pair combinations.

[041] The spline (201) in FIG. 1 is therefore designed to provide physical separation for all

the pairs except the Sl (101) and Ll (105) pairs which may not require such separation

because of their inherent advantage. The spline (201), therefore is arranged to have a

longitudinal length extending the length of the cable and a "T-Shaped" cross section as shown

in FIG. 1. The "T" shape is created from the spline (201) having a main beam (203) and an

auxiliary beam (205). The main beam (203) is latitudinally sized so as to extend between two

sets of two adjacent pairs. In the embodiment of FIG. 1, the Ll (105) and Sl (101) pair and

the S2 (103) and L2 (107) pair. The auxiliary beam (205) then extends from the generally



central location of the main beam (203) to separate the S2 (103) and L2 (107) pair. There is

no portion of the spline (201) which separates the Ll (105) and Sl (101) pair in this

embodiment.

[042] In order to provide for the separation in a controlled form, the main beam (203)

generally has about twice the latitudinal dimension as the auxiliary beam (205) which

therefore provides for two "v" shaped openings having relatively similar dimensions as

shown in FIG. 1. In effect, the T-filler (201) can also be thought of as an "X" or "+" shaped

spline missing one arm, the arm being the one that would normally separate the Ll (105) and

Sl (101) component cable pair and thus creating the "T" shape of the cross section of the

spline (201).

[043] In order to further improve performance of the cable with a T-shaped spline, in an

embodiment, the specific lay lengths of various of the component cables may also be altered

slightly to allow for additional inherent advantage. In an embodiment, the Ll (105) and Sl

(101) component cables, either individually or together, have a lay length altered from what

would traditionally be used if a cross-shaped spline was present to improve their NEXT with

each other. Even if such a change made cross talk between other components more likely, the

physical separation of those components will generally still be more than enough to inhibit

the cross talk to a desirable level while allowing use of the T-spline (201) and appropriate

savings on materials.

[044] While the embodiment of FIG. 1 provides for a preferred layout of the various lay

component cables (101), (103), (105) and (107) relative to the spline (201), it should be

recognized that in alternative embodiments, the two cables not separated by a leg of the spline

(201) can be any two of the component cables. FIG. 2 provides for such an indication of how

such a spline (201) may appear positioned so as to provide for alternative arrangements by not

separating different component cable pairs.



[045] Specifically, FIG 2A shows Sl (101) and Ll (105) not separated, as in FIG. 1, FIG.

2B shows S2 (103) and L2 (107) not separated, FIG. 2C shows Sl (101) and L2 (107) not

separated, and FIG 2D shows S2 (103) and Ll (105) not separated. Note that the diagonal

pairs Ll (105) and L2 (107) and Sl (101) and S2 (103) are separated by the T-shaped spline

(201) in all the embodiments of FIG 2. In effect, the spline (201), therefore, serves to provide

for five optimizations and one non-optimized arrangement between the component cables

(101), (103), (105) and (107) in all these embodiments of FIG. 2. The non-optimized

arrangement may be selected for particular purpose (and specifications) of the cable (100). In

an embodiment, this selection is because the cable is designed to be collected with other

cables in a collected cable and the optimizations are internally chosen to reduce materials

necessary to produce the spline while still allowing the collected cable to meet the

specifications of operation desired.

[046] One of ordinary skill in the art would understand that although the embodiments

discussed herein are designed specifically for use with component cables which are

constructed of three or four twisted pair conductors (such as CAT5, CAT5e, CAT6, or higher

cables), the same principles, methods, and designs could be incorporated into other cables

incorporating any number of twisted pairs (such as, but not limited to, any type of enhanced

data cables) and/or cables utilizing component cables that are not in a twisted pair

configuration and/or cables utilizing components which are not cables at all. Specifically, in

alternative embodiments, the filler would not necessarily be T-shaped, but would provide for

a situation where it simply has one fewer arm than there are component cables present and the

place where the arm is missing would effectively be a space which is double the size of the

spaces provided by the arms which are present.

[047] In an embodiment of this arrangement, the structure of the spline can be described as

having a plurality of arms (5 13) about a central beam (515) or other central axis. The angle



between all but one pair of the arms is generally the same, and the angle between the last

remaining pair is generally double that angle. Alternatively, the arrangement is such that the

number of cables is one fewer than the number of arms (513) which are arranged about the

central beam (515). In the T-shaped spline therefore, there are effectively three pairs. Two

are at about 90 degree angles and the remaining would be at about 180 degrees. If there was

four arms, there would effectively be four angles, 3 of which are about 72 degrees, while the

fourth is about 144 degrees. Thus the T shaped spline (201) is basically a general layout of

which the "T" is a specific option when 4 cables (the most common arrangement) are used.

[048] One should also recognize that while the T-shaped spline as discussed above is

designed to be used with one more component cable than there are arms on the spline, in an

alternative embodiment, the spline may be used with fewer component cables. This will

generally be because the cable will be combined with other cables into a collected cable, but

that is not necessary. Further, the principles and inventions disclosed herein may also be

utilized on cables developed to meet new standards (such as, but not limited to, CAT7 or

CAT8) when the standards for such cables are finally determined.

[049] The ability to alter the position of the T-spline (201) within the cable ( 100) to provide

for a plurality of different arrangements provides for benefits in larger cables which are

constructed from a plurality of data cables (100). These are referred to herein as "collected

cables" One such embodiment of a collected cable is shown in FIG. 3.

[050] In FIG. 3, a 25 pair cable (301) has been formed which comprises four different data

cables (100a), (100b), (100c) and (10Od), each of which comprises a plurality of component

cables, a T-shaped spline (201) and a jacket (251). The cable (100a) comprises three

component cables (101), (105), and (107), while the remaining cables (100b), (100c) and

(10Od) each comprise four component cables (101), (103), (105), and (107) and have the

spline (201) positioned differently within each of those designs so as to provide sufficient



separation between all pairs within the entire 25 pair cable (301) without use of extraneous

separation material. Specifically, the 25 pair cable can utilize the separation created by the

jackets (251) and physical spacing of the cables (100a), (100b), (100c), and (10Od) within the

25 pair cable (301) to provide for separation sufficient to inhibit cross-talk, without need to

use additional material.

[051] One of ordinary skill in the art would understand that the 25 pair cable (301) of Fig. 3

is merely one arrangement in which a T-shaped spline (201) used as part of a data cable (100)

can be used to provide for sufficient separation in collected cables (301) and larger cable

constructs, and other designs with other numbers of data cables (100), component cables

(101), (103), (105), and (107), or arrangements of the components can be constructed

without undue experimentation.

[052] While the invention has been disclosed in connection with certain preferred

embodiments, this should not be taken as a limitation to all of the provided details.

Modifications and variations of the described embodiments may be made without departing

from the spirit and scope of the invention, and other embodiments should be understood to be

encompassed in the present disclosure as would be understood by those of ordinary skill in

the art.



CLAIMS

1. A multi-part cable comprising:

At least three component cables; and

a T-shaped spline having a longitudinal axis extending along the longitudinal axis of

the cable; the spline comprising:

a main beam; and

an auxiliary beam which extends from one side of said main beam at or about

the center of the main beam, and generally has a latitudinal dimension about one half

the dimension of the main beam.

2. The cable of claim 1 wherein said at least three component cables comprises at least

four component cables.

3. The cable of claim 2 wherein said T-shaped spline serves to form a physical barrier

between all but a single pair of the component cables.

4 . The cable of claim 3 wherein said single pair comprises the shortest lay (Sl) and

shortest long lay (Ll) component cables.

5. The cable of claim 2 wherein said cable meets the criteria set out by one of the

standards selected from the group of standards consisting of: category 5, category 5e,

and category 6.

6 . The cable of claim 2 wherein each of the component cables comprises a twisted pair

of insulated conductors.

7. The cable of claim 6 wherein each of said twisted pairs of insulated conductors is a

double helix.

8. The cable of claim 2 further comprising:

an insulative jacket enclosing the T-shaped filler and the component cables.

9. The cable of claim 8 further comprising:



a shield which also encloses said T-shaped filler and said component cables and is

also enclosed by said insulative jacket.

10. The cable of claim 2 further comprising:

a shield which encloses said T-shaped filler and said component cables.

11. A multi-part cable comprising:

four twisted pair data cables each of which is formed of two intertwined individually

insulated conductors having a longitudinal axis;

a T-shaped filler having a generally T-shaped cross-sectional shape with three arms

and a longitudinal axis; and

an insulative jacket enclosing said data cables and said T-shaped filler along their

longitudinal axes;

wherein two of said at least four cables are not separated by an arm of said T-shaped

filler.

12. The cable of claim 11 wherein said two cables not separated by an arm of said T-

shaped filler comprise the shortest lay (Sl) and shortest long lay (Ll) twisted pair data

cables.

13. The cable of claim 11 wherein said cable meets the criteria set out by one of the

standards selected from the group of standards consisting of: category 5, category 5e,

and category 6.

14. A multi-part cable comprising:

At least three component cables; and

a spline having a longitudinal axis extending along the longitudinal axis of the cable;

the spline comprising:



a central beam having a longitudinal dimension and a latitudinal dimension;

and

a plurality of arms each of which extends from said central beam along said

latitudinal dimension in a radial fashion and extends the longitudinal dimension of

said central beam;

wherein, there is one fewer arm in said plurality of arms than there are

component cables.

15. A multi-part cable comprising:

At least three component cables; and

a spline having a longitudinal axis extending along the longitudinal axis of the cable;

the spline comprising:

a central beam having a longitudinal dimension and a latitudinal dimension;

and

a plurality of arms each of which extends from said central beam along said

latitudinal dimension in a radial fashion and extends the longitudinal dimension of

said central beam;

wherein said arms are arranged to have angles between them; one of said

angles being about double each of said other angles, which are about the same.

16. A collected cable comprising:

a plurality of multi-part cables, each of said multi-part cables comprising:

at least three component cables; and

a T-shaped spline having a longitudinal axis extending along the longitudinal

axis of the cable; the spline comprising:

a main beam; and



an auxiliary beam which extends from one side of said main beam at or

about the center of the main beam, and generally has a latitudinal dimension

about one half the dimension of the main beam.
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