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wab@spsssent utility application clains prioriPgT/i8m0m/034034

the provisional application titled "CABLE WITH OFFSET

FILLER" (Serial JSTunmber 60/516,007) that was filed on

Cct ober 31, 20003, the contents of which are hereby
'|ncorporated herein in their entlrety by reference
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s ALERERN gfiled @ndlag same dadhaseilie Pepseritapplicahign: t he
speeds at which conventional data cabl es can propagate
the data. Consequently, the data cables of typica
communi cati ons networ ks, such as |ocal area network
(LAN) conmuni t i BACKGROUNDOE FEHIINVENEION | ow
bet ween comuni cati ons devices. [0004] In order to
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many co ations networks utilize conventiona
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transpit the data between the conmunication devi ces.
cqmmygispiaensy ehwerkat 19 ehdismift thef daten &g o higheh wpeeds; ¢ Adoreover,

advihEGhédy ix?fteéhlﬂgiorgysﬂagg %oﬁtﬂbﬁtéde&oﬁ{ed&%?gq" and deployment of high-

speed communications devices that are capable of communicating the data at speeds

greater than the speeds at which conventional data cables can propagate the data.
Consequently, the data cables of typical communications networks, such as local area
" network (LAN) communities, limit the speed of data flow between communications

devices.

[0004] In order to propagate data between the communications devices, many
communications networks utilize conventional cables that include twisted conductor pairs
(also referred to as “twisted pairs” or “pairs”). A typical twisted pair includes two

insulated conductors twisted together along a longitudinal axis.



I ndustry standards govern the physical dinensions, the

performance, and the safety of the cables. For
wex@sphss4in the United States, the El ectroni CPCT/US2004/034034

I ndustries Associ ation/ Tel econmruni cations I ndustry

Associ ation (EIA/ TIA) provides standards regardi ng the

performance specifications of data cables. Several

foreign countries have al so adopted these or simlar
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cable's twisted pairs. Theoretically, the inpédance of
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Is inmportant that the cabling over which it propagates
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of the cable, thereby degrading

signal. Resistance, capacitance, and inductance each contribute to the impedance of a
cable’s twisted pairs. Theoretically, the impedance of the twisted pair is directly
proportional to the inductance from conductor effects and inversely proportional to the

capacitance from insulator effects.

[0008] Impedance is also defined as the best “path” for data to traverse. For instance,
if a signal is being transmitted at an impedance of 100 Ohms, it is important that the

cabling over which it propagates also possess an impedance of 100 Ohms. Any deviation
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the transmtted signal. This degradation due to signa

reflection is known as return [ oss. [0009] I npedance
walenwsatisens occur for nmany reasons. For exanpl BCT/URE04/034034

i npedance of the twisted pair is influenced by the

physical and electrical attributes of the tw sted

pair, including: the dielectric properties of the

materials proximate to each conductor; the dianeter of

the conductor; the diameter of the insulation nateri al
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jeopardize the integrity of high-speed signals because
thedWipteeRAl: abl e ef fects of the | npedance vari ations

are accentuated when higher speed signals are
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data signals has been maintained over these ranges. However, the same ranges of

impedance variations jeopardize the integrity of high-spe%d signals because the
undesirable effects of the impedance variations are accentuated when higher speed
signals are transmitted. Therefore, accurate and efficient transmissions of high-speed
signals, such as signals with aggregate speeds approaching and surpassing 10 gigabits per

second, benefit from stricter control of the impedance variations over the length of a
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cabl e, should not introduce significant inpedance
m smat ches into the cable. [0012] The second |isted
w@anoanoeises useful for eval uating cabl e perf or nEOTES2084/034034

attenuation. Attenuation represents signal |oss as an
el ectrical signal propagates along a conductor |ength.
A signal, if attenuated too nuch, becones
unrecogni zable to a receiving device. To make sure
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[0015] The material of the jacket also affects attenuation, especially when a cable
does not contain internal shielding. Typical jacket materials used with conventional
cables tend to have higher dielectric constants, which can contribute to greater signal

loss. Consequently, many conventional cables use a “loose-tube” construction that helps

distance the jacket from unshielded twisted pairs.



the twisted pairs. Each active twisted pair naturally
produces el ectromagnetic fields (collectively "the
wo c@bas3ssor "the interference fields") about iPET/US2004/034034
conductors. These fields are also known as el ectrica
noi se or interference because the fields can
undesirably affect the signals being transmtted al ong
ot her proxi mate conductors. The fields typically
emanate outwardly fromthe source conductor over
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Xi'mze I stanceé between each

@biﬂc@ll?,&helea&l veral factekhqvai tosinfluence crosstalk, including: the distance
between the twisted pairs; the lay lengths of the twisted pairs; the types of materials used;
the consistency of materials used; and the positioning of twisted pairs with dissimilar lay
lengths in relation to each other. In regards to the distance between the twisted pairs of

the cable, it is known that the effects of crosstalk within a cable decrease when the

distance between twisted pairs is increased. Based on this knowledge, some conventional



[0019] In regards to the lay |lengths of the tw sted

pairs, it is generally known that twsted pairs with
wa@Rowsloassd ay | engths (i.e., parallel tw sted ppeT/B¥2084/@34034

nore susceptible to crosstal k than are non-parall el

tw sted pairs. This increased susceptibility to
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drogsédia rihan arattheeshoatlapengtirtdistedpatsal k wi t hin
i ndi vi dual cables by controlling some of the factors
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the two twisted pairs with the longer lay lengths would be positioned farthest apart

(diagonally) from each other in order to maximize the distance between them.

[0022] With the above cable parameters in mind, ’many conventional cables have
been designed to regulate the effects of impedance, attenuation, and crosstalk within.

individual cables by controlling some of the factors known to influence these



However, with the depl oynent of energing high-speed

comruni cati ons systens and devi ces, the shortcom ngs
w@boosomsent i onal cabl es are qui ckly becom ng ap@EBUSI4/034034

The conventional cables are unable to accurately and

efficiently propagate the high-speed data signals that

can be used by the energi ng communi cati ons devi ces. As

nment i oned above, the high-speed signals are nore

susceptible to signal degradation due to attenuation
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@k 9%1‘?\56&199@3&81%3 db Qe g}ovﬂéea gﬁﬁ@ fsveRf ofﬂQ(Wﬁtrl&PfB protect from cable

crosstal k are al so 1 ncreased-at higher data
tor cabienilicgi onsstalk dstwepnatlie tqoomtorspammfshlghrepe@smgmls Moreover,

rrecabits er se 0 abits r second A

ko PG PO v s vl Sy 1D ap R e iporease the
E@osiRt QP AR tABte \(Rirs €0 ANEDEdosdiak. M'eﬁ&mpido @!l star-filler cables
hi'gher speed signals require increased bandw ‘

¢f¢@ommﬁ@n yhe parge ceble ctametgh by sredmtl@sthnckgﬁsgaqﬁ theisgpckets and
%‘c:f% S}&ugﬁ n}glrggg r@lﬁ%k&f‘({ égpseglo ee%ctﬁ qg E%clﬂ)g({ & c%' gx%i”lelbg worsening the

EffURSH AfinCRoRE by britighipatle p@isted Mﬁfoflﬁibﬁrﬁak‘éiébﬁv‘é@tmnal cables
tw sted pal rs, thereby increasing the nunber of

elosar degethey- of crosst al k. Consequently, conventi onal
cabl es are not capable of overcom ng the
[0024]  The effects of powersum crosstalk are also increased at higher data

transmission rates. Traditional signals such as 10 megabits per second and 100 megabits
per second Ethernet signals typically use only two twisted pairs for propagation over
conventional cables. However, higher speed signals require increased bandwidth. -
Accordingly, high-speed signals, such as 1 gigabit per second and 10 gigabits per second
Ethernet signals, are usually transmitted in full-duplex mode (2-way tranerrﬁssion over a

twisted pair) over more than two twisted pairs, thereby increasing the number of sources
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i ncreased effects of powersumcrosstal k that are
produced by hi gh-speed signals. Mire inportantly,
wa@eovsemssonal cabl es cannot overcomnme the i ncr eBCSEESIN4/034034

cable to cable crosstalk (alien crosstal k), which

crosstalk is increased substantially because all of

the twisted pairs of adjacent cables are potentially

active. [0025] Similarly, other conventiona

techni ques _are ineffective when_ applied to high speed
qleat Consequang Mapgnvena?naéf@hﬁs edre giot rﬁélﬁflbIGr@deVelcOHHng the

PR S A B P A e, 0

itnbbSarsiyt umihivenionalo oables &aﬁmcnnSVazy@he nie claareu&isabf ¥able to cable
predict the interference that one twi sted pair

CEQSEAE (E\NFPICf‘i’Sﬁ?au‘i)cWhtﬁl? thﬂﬁt%k Aeincregsed subshatially because all of the
t‘?’ra airs dP \A@Jntc?&i ﬁ@@gee ét ed pairs for

m SsSi 0 conp data signals

[ os H%Fag@r BPsb nvewrga‘i" 38w o BieRyR g dBied t nigh
sﬁﬁd%ﬁn&hﬁi@ﬁldn@ sipabk e Fopekarhple, & Rehtidrll Boed, ffieSraitional data
noi se are no longer effective. In regards to alien

stanalsSYRIFNLY tned @nbt e viistgd paisfer effeqtive degpampisaiony. In this situation,
ClZ)H)?I{L{ &&15 &&ﬁy in tlﬂﬁalgl %&?éﬁet?xé I\}gl{egli%gen%g%espﬁg %{v'gted pair’s

sua wn or unpre reover

sigherﬂl nsﬂhgmexh sheaoitiet halstredq&upd biggalef Hew&serpb aﬂin@Cﬁlﬁfe twisted
- cables is inpractical and difficult. [0026] The
PRifE, foS FEanamisF OB 1o mplerchigh speadidain gnals Beupsats Faqug sources of noise,

i gpalis o?%lﬁﬁt? Gfd RS gggo?gaggg A ot RSult, néo%gé+d gpne&ﬁbeds used to

signals as t prop ng conventi ona
copeet ioht del ]j)rychctabb ¢ifaghs sfppaise aregmall(mgﬁtr effetreve. In regards to alien

unacgep ttenyated and ot herw _se raded by
chitealic raipeedifthi SEIBUS fre epaGHly S TREH Ve s Sa e s gnas of other

bb1agliatd @eﬂ@l Yink@&GWS 0P RinpRAlckMId. | MorkSd: 2er Gk
Ccr osstal k a#,ldneclre ngt gglgl gned to zsfdg%eﬁa?gﬁy t%opr%%%tCt signals and

thdiecaspling e6eass omhdjecent cadestiaipraciocid erdidiffictlt. gh- speed

signal transm ssions. [0027] Conventional cables have
(0626 t r 3k tincemkd tegfebsi @fueﬁsitﬁlkrdam.ltte hight-speed alrals pose serious

sstal k. bet ween tw, st ed a| r However, conventi onal
PE?IE‘F@% 4l “H%&“%ﬁﬁ%@o“ ﬁ@a HACBRREE alongronyentignal cables.

EABSAIR), khb ehipRSPecddki ﬁﬁbblee E

S?Onventﬁ{ cthe! ?ee 2 hgﬁ b‘gen abﬁnac %ftaﬂgp?ttenuateﬂ and otherwise
degmded by Htei effestsqurahsn omstaﬂqlmdausemoawmh@nal cblps atashuonally focus

o SRS Mo RSB b9 RSPt s
oﬁ"ﬁﬁéh &b&ftélﬁ FBHduE&ﬂSy H'l‘gHIsFEHd shgigﬂ fRbdRizGaR e cross-talk

because, ke intracable crosstal k from known

[g@’ﬂ Ces Coﬁ’ve'nﬁgnzﬁ r Q85RL A e GRBA HadRfonhl ?e%hﬁﬁ'ugs °F FE qntra—cable

crosstalk between twisted pairs. However, conventional cables have not applied those
techniques to the alien crosstalk between adjacent cables. For one, conventional cables
have been able to comply with specifications for slower traditional data signals without
having to be concerned with controlling alien crosstalk. Further, suppressing alien
crosstalk is more difficult than controlling intra-cable cross-talk because, unlike intra-

cable crosstalk from known sources, alien crosstalk cannot be precisely measured or
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-8-predicted. Alien crosstalk is difficult to nmeasure

because it typically conmes from unknown sources at
waisoedisst abl e i ntervals. [0028] As a result, PCT/US2004/034034

conventional cabling techniques have not been

successfully used to control alien crosstalk.

Moreover, many traditional techniques cannot be easily

used to control alien crosstal k. For exanple, di gital

Ichh&iE!f%L‘-l p%qféﬁséljogg?lgc S&;ﬁf f egnetgglg%enegggsgs{t qyplcally comes from

conpensat e
udimewe sputtecaus@redlidtatie ﬁmssl&.al k is difficult to
nmeasure or predict, known digital signal processing

[00281ni quUasa £RARYonkentiRst cBiih |
there exists an | rrllabl [ tycl n1 gg%d\}/ﬁéﬁlt ;¥%ﬁ§\% ﬁoet een S CSESSquy used

te AR align crsstelko S ompker, NOOR Bhditional hm:lhmques)mtﬁﬁt beogrally used to
accl rately transmt high

f
SRR I E il Bl F! et Boemaed 1 cancel o

omaﬂoh@@n&‘h@a &Qtefwcﬁvéidﬁttﬁ-@ﬁﬁl@fﬁr@ss{aﬂé’ek—ﬁ)%fvelp fheLaEt aﬁ&l crosstalk is
d jsolation frominpedance m smat ches, attenuati

IGult to measyrg or ptgdlcé)dgwwnghglit&i (Slgnahpnotmstsmgaéchmques cannot be cost
l.e | EE { t
etﬁiﬁgt;f\te:i% Q}géh an d{lﬁ o m e{ﬂ/m%{? § g{ﬁsc( t@n@ﬁ%bﬁeﬁo ecgntrol alien

ceasgiald. s at 100 msgahertz (MHz), a cable nmust provide
at | east 60 dB of isolation agai nst noise sour ces

(00293 delnohokt) @oraiatiBnal %HSIES @&n@ﬁjb@m&g 3 ap a%%tuately transmit high-

However, convent ional cables of t uctor
speedrdaty signalal |S;ae<pf1@allyd éhei enolventiopak cabids| ddsﬁmrmoﬁﬁeh uate levels

oL BB RSl BBl S o . For
enaiple, tHeaImsmtateS@EElefctrﬁﬁl fod Eiéétr@u%@ngufeéér@ﬁkﬁ? b&iRates that in

over af%OO meter cabling nmedia. Consequentl

Opdon R SEfeeRvely trangpis d0faigabit signals at 4AA anegahentss WHz),ecable must

Pdv@&b nal s accur atel

o SO OO I0 2 AR GHE BB i, e o

ad;]amt awhlesv eHowedfr @Onvdtiohali cdledt 60 ﬂﬂﬁfedl&gldm:'%r pairs typically
cabl es, have shortcom ngs that mak

P’E‘Wé 9 1s81‘égo% H&Yi shaH o the oRedly needaduati a:allgndnﬁewsd:)enﬁ 100 MHz,
u%ﬂb adSund s &Qm@ﬁléaFE§ radints thdtqﬁ‘lge éﬂaitﬁ%ﬁe F@-{?é ltfgm 38 spec1fled

or fiber optic cab I evé a

fars éD aﬁlgﬁbltf dranbmighiosp emer sa giGo SnetbLUtcabmﬁ? gggdﬁt@ \(lem s S@(ﬁnsequently,

onsi derably nore than unsh
9 %’ téonafjﬁ gl@é’ﬂc (8RO ABITRH I the highyspyeds femintihicatinns signals

a&@ﬁdtels@ybﬂgsentwhl ch savings increase the desirability
of unshi el ded Systens as a transmtting nmedi um

[0¥BOF OV EX1thduBR GRlr 1t PRR or WaS1L BLAC L hieved over 60 dB of isolation at 100

MHz, these types of cables have shortcomings that make their use undesirable in many
communications systems, such as LAN communities. A shielded twisted pair cable or a
fiber optic cable may achieve adequate levels of isolation for high-speed signals, but
these types of cables cost considerably more than unshielded twisted pairs. Unshielded
systems typically enjoy significant cost savings, which savings increase the desirability of
unshielded systems as a transmitting medium. Moreover, conventional unshielded

twisted pair cables are already well-established in a substantial number of existing

9.



tw sted pair cables are already well-established in a

substanti al nunber of existing -9-comrunications
weymsemss4 1t is desirable for unshiel ded tw stedI/pstond/034034

cabl es to conmmuni cate hi gh-speed comuni cati on signals

efficiently and accurately. Specifically, it is

desirable for unshielded twi sted pair cables to

achi eve performance paraneters adequate for

mai ntaining the integrity of high-speed data signals

coumuTgcaions céysternst r als i sbslmbl@vf@r ensbieddasl émst@UmmRvables to

St VR LO02HcTG BEERCEe B LR iy,
ibReebSifbal kot uhdhfeldide spifedi pre 6§b1@sﬂ td @bEit®s pefofiinet §fhrameters
pai r conmuni cati on cables for high-speed data

adoquatmifontmantinipp| the aintegrity, oA hk&hép@?ﬁ glatar signelsuditing efficient
at | east tvvothco uctors extends along a generally
FORGITIGIYEY 5XF e wi th an insul ation surroundi ng each
of the conductors. The conductors are twi sted
generally longitudinally along the axis. A cable
i ncl udes at | east gimpvita s GreTPEE ISVERGTON i | ler. A
| east two of the Tabres are positioned along generally
paral l el axes for at |east a predefined distance. The
es a conti e
F8agat SEneaftenp HOERudT ket S Aty K 8E BYSELRohcucror pairs.

Mbifécépb@lﬁ%all)‘ ithe bicBeht dfiven€ias kel@tes t&&ﬁﬁte@fpair hemmumcatlon cables for
fol |l ow e(gﬁ npedance devi ati ons, gnal attenuati on,
Taghtspaedefpte rs@g@ttam@uan% ABPYGRHORS: ed’e Wisisd BRi5 fiagleding at least two

e —

dayh WwéYheo torekiatopd. e The wohduct@t ere nmteﬂcgehbmllydomgmmlmally gilong the

drawi ngs, in whic 0033 Fig. .1l sho a perspectiv

afisev DI 18%18%%“3?%?' bve R IISE?&H?&S \cﬁ%ﬂles’“dﬁgﬁt {£¥9 ﬁg {he cables

Jrﬁ gsélﬁ&@d%ﬂ %alfepafe%‘fgr Qtl%f mgf&i@ﬁfﬂd &sﬁncez The cables
WS a pers t|ve ewo an enb nt of a cable

ané configured wvetficieetdy andh aeupasly @ro;{@@@%ﬂlghzs@edzlatasslgaals by, among

ectlve view f a, tw d 003

SRR G onsnl i dr e 6 SuBT PR oy 1Redhet govialins, signal

a%&ﬁ@a[tﬂinn find Ricd cfrd)sfsﬁa!k fohetePaiefiabd ER@ntavVention.

[0037] Fig. 4B shows an enl arged cross-sectional view

of a cable according to a second

BRIEF DESCRIPTION OF THE DRAWINGS
[0032] Certain embodiments of present cables will now be described, by way of

examples, with reference to the accompanying drawings, in which:

[0033] Fig. 1 shows a perspective view of a cabled group including two cables positioned

longitudinally adjacent to each other.

[0034] Fig. 2 shows a perspective view of an embodiment of a cable, with a cutaway

section exposed.

[0035] Fig. 3 is a perspective view of a twisted pair.

-10-



enbodi nent. [0038] Fig. 4C shows an enl arged
cross-sectional view of a cable according to a third
weniwsaissent . [ 0039] Fig. 4D shows an enl ar ged PCT/US2004/034034

cross-sectional view of a cable and a filler according

to the enbodi nent of Figure 4A in conbination with a

second filler. [0040] Fig. 5A shows an enl arged

cross-sectional view of a filler according to the

first enbodi nent of the invention. [0041] Fig. 5B

[8036]Fignd Arshawgen enarged seasssentignalyview off a gable| dceprding to a first

o.the third enbodinent. [0042] Fig. shows a
Eﬁ??gz‘sm%lg%ﬁ}l?ﬂﬁy OB of adj acent cabl es touchi ng at a
ol nt_of contact in accordance, wih the

(BRI SBiws e SR Seftm&faylem 2 BIS pesmadiag to a second

%{ ﬁgaﬁctl onal view of the adjacent cabl es of Fig. 6A
ferent point of contact. [0044] Fig. 6C shows

Q050358 25 0% UL GrbAESER PR Gty o o i

cerysismect i onal view of the adjacent cables of Fig. 6A
separated by another air pocket. [0046] Fig. 7 is a

[BOSHSE S 41D IsABRS al iefMr&dd drokMHebtistan 2wy ofdicalsieihd %aﬂﬂﬂeﬁ‘saccordmo
accordr ng to the first alternate enbodi nent. [0047]

tpitly erBbacimantoofdEgure dét insnaibinatien voth 4 wegnd fillemal | y
adj acent cables and fillers using the arrangenent of
[H()@ﬂ.]rlég4ﬁ°x sb@@é&}l erlayged sross-sactienal seew iof mafillari aswomiing to the first
g third _enmbodi nent of tw sted adJ acent cabl es
I&E‘?té’(’j GYFUt%nce the cabl es' |ong lay |ength
twi sted pairs. -11-[]0049] Fig. .9B.is an 2 ) X
[0p#EIFigeeB ishaws apiealirsid ¢rRE- TR dioy Pge Hler aggardiaedp the third
RO TP a different position along their
rﬁ]%éjll@uch nal |y extendi ng sections. .[0050] Fi g. 9C is

BT, ARG ORBu B & LA SRR o ot o

doneict in &ﬁ&ldtahkeb Widh the fest entsbdirgesied tlna)iment{dhOS 1] Fig.
9D i s another cross-sectional view of the tw sted

PO4TCER! 6BalR% BfcrbdstetidhBt view of the adjacent cables of Fig. 6A at a

different point of contact.

[0044] Fig. 6C shows a cross-sectional view of the adjacent cables of Fig. 6A separated

by an air pocket.

[0045] Fig. 6D shows a cross-sectional view of the adjacent cables of Fig. 6A separated

by another air pocket.

[0046] Fig. 7 is a cross-sectional view of longitudinally adjacent cables according to the

first alternate embodiment.

[0047] Fig. 8 is a cross-sectional view of longitudinally adjacent cables and fillers using

the arrangement of Figure 4D.

[0048] Fig. 9A is a cross-sectional view of the third embodiment of twisted adjacent

cables configured to distance the cables’ long lay length twisted pairs.
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9C at a different position along their |ongitudinally
extendi ng sections. [0052] Fig. 10 shows an enl arged
we@e@s®4mecti onal view of a cabl e accordi ng to BCT/URL00€034034
enbodi nent. [0053] Fig. H A shows an enl arged
cross-sectional view of adjacent cables according to

the third enbodi nent of the invention. [0054] Fig. B
shows an enl arged cross-sectional view of the adj acent
cables of Fig. Awith a helical tw st applied to eac

[0049] Kie. 95, la@ewtlercfde&wcmrf@bw ¢fithe t\ilzteéﬁ%elﬁ cahlgs pf Fig. 9A at

o b D e R Ron® Al LED

(0SB RS ap it oTRec B it PRV G Ritospisebiss of Figs. 9a-

9B&i @ dafert@ poaftion ldignhdiglonglludifalReettemlifg Yectbak.
efficiently propagate hi gh-speed data signals, such as

[6031 R FRd. 9Pds SnBRBF a%géﬂgeeaom%e%m\%wwediﬁﬁ@ceﬁ@éa%&swf Figs. OA-
10 gi gabits per second. Specifically, the cables can

90 et ¢ dniférguirpedition abdnigithéirlvngitudinapaericrelinghsectipgh- speed

data signals while maintaining the integrity of the

[G052H Fig. Ji0adhews An dnddppeiiciGsnseotivia widw @5 &) cablef xcotdings to a further
@w to the draw ngs, Fig. 1 shows a perspective view

dimegh)| ed group, shown generally at 100, that

i ncl udes two cabl es_ 120 positioned generally al ong

(M3 Fie |l laxdwwsom endirged ergphegctignaldiie @b rdiagend £ehles accordmg to
thoettﬁﬁae Eg?niigble& 122,858 configured to create points

of con{nac and

alr pockets 160 between the cabl es

9L B JEE Tt Pl st shRmah I 8h % Gaoea cables of Fig:

18X88ith d H@lic%ﬁhh@@p%ﬁ@d {Paach Bf th‘éta@ja%gntéﬂabl?ébSSI m | ar
twi st rates. Furt the twist rate of each cable 120

(VB YL M2 QKB a%gaﬂt 8 wmiowf P a gghédnfbevgg 2RIth of the cable

ment 1 oned above, the tw st rat
lﬁ@amcﬁdgbyon&mnbbémamce of a conplete tw st cycle,
"which is referred to as lay |length. [0058] The cabl es
120 include el evated points along their outer edges,

referred to as rldgei Sg Thﬁ{ ﬁt of the cables
120 causes the ridg T ']%;quﬁot ate al ong
L INTRODUCTION OF ELEMENTS AND DEFINITIONS
[0056]  The present invention relates in general to cables configured to accurately and

efficiently propagate high-speed data signals, such as data signals approaching and
surpassing data rat‘es of 10 gigabits per second. Specifically, the cables can be configured
to efficiently propagate the high-speed data signals while maintaining the integrity of the
data signals. |

A. Cabled Group View
[0057] Referring now to the drawings, Fig. 1 shows a perspective view of a cabled
group, shown generally at 100, that includes two cables 120 positioned generally along
parallel axes, or longitudinally adjacent to each other. The cables 120 are configured to

create points of contact 140 and air pockets 160 between the cables 120. As shown in

-12-



the outer edge of each cable 120, resulting in the

formation of the air pockets 160 and the points of
wa@oeosaeiss440 at different | ocations al ong the PCT/US2004/034034

| ongi tudi nal 'y extending cables 120. The ridges 180

hel p maxi m ze the di stance between the cables 120.

Specifically, the ridges 180 of the tw sted cables 120

hel p prevent the cables 120 from nesting together. The

cabl es 120 touch only at their ridges, which ridges

Fig0L, Itht pablas A 3 sen bhdndipsndantls thistedbalout Heeit wivat ]edgltudlnal axes.

THRRPHES 130784 B Sr el B iy B Sy Puierc i Bt rate of each

caBe,12bhgayaidry m@kﬂfeqoﬂ%&daraplehgmr@fdh@@hmqaot b ﬁei%&fed above,
120. L|ke the ridges 1 the air pockets 160 help

therigvistaete qan de anessined by e distarcerdfa complete dwisbayhketvdrich is referred
40 of the cables 120. [0059] By naxin zing the
t@?%#gkégglln part through twi st rotations, between the

b 6 SIS LT et B el pofi S Mg glmlfeﬂut&%e&ee@aqef@n'ed to as

_c%ei PSU.JCTHe tﬁﬁnﬂ? of th@réﬁgles CPPSHkdd HE 1 fQS’S 1 80 ﬁfﬁly rotate along
interference fiefds are known to emanate from't

tlhﬁ @Lttelsqﬁge of gachacableghid), seshlting dn ﬁwdpagmcexobfath@ Rig ptohleets 160 and the

e of t ds |ncr ases with
o5 Fcretes 0% Ao Elede s Dadhy i uRATL R pdhe Sables 120.
The&idkeor8o Hdie n@a&hhﬁa the Qiskindé BeEReeh Be @b61RS 190 0fSgebRically, the
interference fields by increasing distances between

r@aFSaé%Q]pf thebvésied pablesb20 bslppptvent theecaples rlaasfecun nesting together.

r aI ien
T8 SERE RO EIERRY LA BES. DA AR B o Shorblle dne disance
befwesh ithd twisdsdoatiictar paitsB4er @et Shawm Res Ith) T’B;|ofttﬁe cables 120. At
di stance. [0060] Al thqugh Fi 1 shows two cables 120,

NOREORAs) Bintr Japs mcaﬂ%@s 1% %‘a @iraparkaisnifdy atsf fosmpd detween the
c%l%lgs 13d1e1 pahbhe 2%%%9 o 10 aﬁr%ocl{e ]\%{gﬁefg dﬁéargzgsle §hé ARlce between

I'n sone e merit's,
tlpmisni;teabnmtﬂuatomnpgng%(bmf&ht yabpasr i@l el | ongi t udi nal axes
over at |east a predefined distance. |In other

[60899di nBRtmaxifbziagtthanidtmReC ablpes th2dhehr Bvist rotations, between the
-13-posi tioned al ong general ly paral] el Iongltudlna

sheaihedogablesat20, dbes interfionse chsbveamncihe ablea 28, espscigBindhe effects of

SFERORRSER, B.rodliaPAS e ich, Shpb R nl bl BF il dnge felds are
kaovenitodepeagefidhythe Wigh-g@ded datacidials bethe ropriahted aldig the cables

bles 120 are tw sted together, [0061] The cabl ed
léso u’ghel@@er&;lh of the gidsl chagﬁsd@tbaqn, icieagg in the speed of the data

n%ﬁgﬂﬁéﬂ*)ﬁ@ iIﬂ%%{cﬁ‘Q Pk Cc%lb? %0 mTﬁ]ﬁuf@mee&fegfso&pthé %Qteff@énce fields

e configured tor use in connunicatl
by increasing distances between adjacent cables 120 For example, the increased

distances between the cables 120 help reduce alien crosstalk between the cables 120

because the effects of alien crosstalk are inversely proportional to distance.

[0060]  Although Fig. 1 shows two cables 120, the cabled group 100 may include any
number of cables 120. The cabled group 100 may include a single cable 120. In some
embodiments, two cables 120 are positioned along generally parallel longitudinal axes

over at least a predefined distance. In other embodiments, more than two cables 120 are
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networ ks, such as a |ocal area network (LAN)
community. In sone enbodi nents, the cabled group 100
wo soosomfssgur ed for use as a horizontal networ KPCEDE®00034034
a backbone cable in a network community. The
configuration of the cables 120, including their
i ndividual twi st rates, wll be further explained
bel ow. B. Cable View [0062] Fig. 2 shows a perspective
vi ew of an enbodi nent_qf the cable 120, with a cutaway
Rostiongh along gsragallyrparalieldprgitidmal pees @erérsatdeasr rhea:redzamaed distance.
0 p Larhe
BONAO B AR NS W ARl 108 I HEH, jyngiy T some
qmﬁ)adsm&ﬁﬂ ,the gtﬂjgeemaalﬂesl, E%jmafé matnibendelgdy@ﬁ!lﬁtéztﬂ OIn othedr embodiments, .
ts 24 I ncluding twsted pair 240a an
ﬁ%%ﬂ@%ﬁr? tvg&@gtogqglgrfl | ler 200 extends generally
| ong a_| ongitudinal axis, such as the | ongitudinal
[Q%]s] of Thaeabledt greup 09 ean paiiused 2@, Wﬁde] detigdy F6Qmmunications

PHBESIAG, PRE bt T 20836 Y lBHEH A7 4R i Coppgunications

ﬂaabénks,l duyh tagiasloesl @b Htwionld (VANY @bmhﬁﬂﬁzt Ueli dgle éﬁi@&ilments the
e tw sted pairs 240 may be distingui shed from each

C& e T Bl is gonigused ipr e gen éplamrsvﬁ dieeqrisicpble or \mbglckbone cable
fl alfeBwork: gﬁmlghiéff eff?ergonk gxli;_a.lhgﬁ] gg?’%ﬁ%@\é? 28 ﬁgleé tﬁelr individual

ongl t udi n tance. Wi st'e
tR0 satess willlvbs fiathemexglainedbtloy. t han t he twi sted pai r
240b (i.e., the twisted pair 240a has a shorter |ay

I engt]h t haPaBlo&¥iéw st ed pair 240b). Thus, the tw sted,

B@‘g g an be said tq have a_ short Iay l ength, and *
[P9021; i Etted SHaMs nwppech v xiee of rpagbpdipent afjthe, cable 120, with a

cﬁ@aWa?%egﬂch ﬁﬁﬁ&d | §%e fﬁ%ﬂgtl%’mélﬂge %‘”ﬁﬁ&e Q%QE ébl{fbéﬁ‘gf‘to separate a

he tw st pair mnimze
npmbat ok thectvastsd vendyptirryadrs t24at (alo ereferrotino tae “teashittyd pairs 240,”

%%Sb?‘g’s it 8‘11 * no%’r’g’gf‘éi ?IHEOChglggtél%Oy%ﬁgﬁﬁgln'&gweﬁit@gemr 240a and
t@&%d [%tﬁ'{j 240Dt ArHRSFiIRG 200@xEARY Senkafl a?orig"é tﬁmﬁﬁu@gﬂuﬁlé such as the

| ongi inal axis. The cable®120 ¢an ste
lengdtudinal pxis of wae oAxhestvasted prire 240.c Abjackdt 0| sangtuds, the ffiller 200
not that the lay length of the cable 120

aéa ecttqvésq?c}]gaqs VI dual lay lengths of the tw sted
s . Wen the | | ength of the cable 120 js
BRE o 2R crTAGH: Ry viAD: S D) indensedenis, a7 difically twisted about
© hEPRLASoREinidR hdsS e (R, 948" 9

The caboeéllzo can Sbe co%yi g‘ﬁ%%rg t4 gnga nefql%mﬁfghegkﬁglﬁwh other
by heeing ywistadgathgenefallyhdissimilat ewlispaatess i240diffedvine lilay lengths, over a
conf. i ur%té.oqs.will lfe . . . o .

specitic ongitudinal distance. In Fig. 2, the twisted pair 240a is twisted more tightly than
the twisted pair 240b (i.e., the twisted pair 240a has a shorter lay length than the twisted
pair 240b). Thus, the twisted pair 240a can be said to have a short lay length, and the
twisted pair 240b to have a long lay length. By having different lay lengths, the twisted
pair 240a and the twisted pair 240b minimize the number of parallel crossover points that

are known to readily carry crosstalk noise.
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further explained in relation to the cable 120 | ay

length limtations. [0065] Fig. 2 also shows the

wo 2oos@u58200 helically tw sted about a | ongit udPEEIS2004/034034
axis. The filler 200 can be twisted at different or

vari able twi st rates along a predefined distance.
Accordingly, the filler 200 is configured to be

flexible and rigid - flexible for tw sting at

different twist rates and rigid for maintaining the

9064k r eis shaiwatin Fig. &s theThablef 120/ineludesthe helidatly wetating ridge 180 that

‘ ted I

lFo At 12 it bt S & Roei R din: ThFRUS 120 can be
fhafed Bowane Mngtuaiigl Sxi9at Yaridud caBFElaf H@%ﬂis”elﬁtsﬁoulﬁflﬁ noted that
filler 200 is twisted at a lay |ength of no nore than

tap payobengtit ofl the ontdh dApEects ih@elgalrvtihlal lay lq:rgﬂgeth@;f e twisted pairs 240.
4
Blneh e 19BhER R Pl 120 loRBhos sl Bl g ingividuat Lay

Tefigth @b@theOMt@d phigs 240 are[sB08&]edTHio.f ThE esbl2 Q00 288 bk Renfigured to
é’acket 260 can 1 nclude any material that neets

englisially asfeeinbiadayslengthe of ithe Byisted pard AfY.i which gonfiguraiens will be
ek St cfilioh Rk g ol Sy lﬁ%ﬁﬁﬂrﬂ%ﬁ%‘é koxy,

CIEREE e BB it et anbiy fdppudinal axis

'Pﬁ@ @ﬂie? %O((F&EPB& tidstr htnéitfﬁijen@ edrf Véiﬁbléefvm!ﬂ 9&1@5 along a predefined
pol ypropyl ene, f 1 uor opol

distanead aApcqrdmgb'r @M/F léfrrezr?oam @mﬁﬁgﬁg thbe ﬂ@ﬁbk@s&ﬂdoﬂgld flexible for
(bS8 et b oK R WA B .

Bflert 70D JURY bedvisted sh@gbhabey Bavd HOBL] edb\gshclablienghiy Qo form the air
can be configured to satisfy industry standards, such

B@,cl@ﬁf 469 besween radiasent safdledi@Ensi Bhavaytefngsmrle prly, in some
d [

SATFUERRA MRIP 200 NE0ERR 20 16REPEA RE Mol 1H2h up BBithately one-
hllnﬁireﬂihhibs 1RO lar;ah:nga cfomﬁa ofittedtwioted giairs f240i indetger §0 form the air
saf ety standards orizgntal network cabl es 120.

PaskeisohD: diea ’éllieﬁ%ﬁq F & firiter disqussed rﬁlﬁ@%?ﬁﬁ&i@
some enbodi nent s, the cable 120 is riser rated. In

K681 e nikhe k200 apd dheciapkes 260 Gap incliyerany|metetial thet meets industry
?éc?a%s?ggﬁ"hgeﬂ %%d cB ee b%?gxf | gyr /b1RARS O ghgf the. following:
ar e er e al ne belTowiTnre er nce

E(b]gﬂuéiﬁalkﬁxy,T\ﬂTﬂ/E&'ﬂlaatdméﬂlﬁWllﬁﬂ@tﬁ&] kttylend Iciiloaotnﬂuoroethylene

per spective view of one of the tw sted pairs 240. As
BOlgWY! rehigpride (PVC), a lead-free flame retardant PVC, fluorinated ethylene

propylene (FEP), fluorinated perfluoroethylene polypropylene, a type of fluoropolymer,
flame retardant polypropylene, and other thermoplastic materials. Similarly, the jacket
260 may comprise any material that meets industry standards, including any of the

materials listed above.

[0067] The cable 120 can be configured to satisfy industry standards, such as safety,
electrical, and dimensional standards. In some embodiments, the cable 120 comprises a
“horizontal or backbone network cable 120. In such embodiments, the cable 120 can be

configured to satisfy industry safety standards for horizontal network cables 120. In
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3, the cabl ed enbodi nent 240 includes two conductors
300 individually insulated by insulators 320 (al so

wo edososma4 t o as "insulation 320"). One conductBCT/BSIH04/034034
and its surrounding insulator 320 are helically
tw sted together with the other conductor 300 and
i nsul at or 320 down a longitudinal axis. Fig. 3 further
indicates the diameter (d) and the lay length (L) of

the twisted pair 240. In some enbodi nents, the tw sted )
sprag empadinient.she eatde 420 sedeym mird. tpiseme supimenty thegable 120 is

be tw sted at varj n P NP .

BT 525?%13 nfns SOPH e%@m@?é@g’p Iztalhleer Eéﬁig 4](?00 %)Sﬁ ggg}l%lpgd' 3 OBhea rag vantages
gbivdrsibe by RN EsE duyatloap of thediabie! 120 e itimaietplaed balowein reference
specific lay length (L). In sone enbodi nents, the |ay
tqg\ﬁgﬂﬁ-(L) of the twisted pair 240 varies over a

portion or all of the |ongitudinal distance of the
tw stad pdiwistedPainNieh di st ance may be a predefined

[ $tance. ok .length, . e . .onl InNnS Qe .
(G s = ERES s 1 LB b 0 R Bhgwn in Fig
3t e bEHlEed $mbediahdn®\@4erinelgles! @gtinduetors 800 €fdividually insulated by
.propagation of signals as a consequence of their )
ingalas918 ngRth $alsg gefeord Tee at winstkagona3d0 24008k oignductor 300 and its

. ' SeT i ncl.udi -
SGANRETL BHRR oD FASRH L DSHUF Sk OARG: 300 and
iAQ0erdd 200down khengitwdihiat xds.s FE)G fantler mdivates alics did#d@teand) and the

configured to have good physical and el ectrical | ) .
IeShisPERt Ao o e dwiied Dalf ieadp Some gpbodimentsnHigsyiged pair 240 is
S@%ggﬁards. It is known that a bal anced twi sted pair

el ps to cancel out the interference fields that

17 Gr Koy iyed B2 AP U 4 e, 4P AL RIS Tn some

ehdb®tingdn®y, Sha3RMistetl ailrth 240 cwndidtorsr3n0 dre twisaiodenetill anggtudinally
bet ween the conductors 300. [0071] Accordingly, the
dgvaristderxipnpt & geaciit lay Henethy ek cligvosneserpbeimenisethe lay length (L) of .

1 BEE 5%1?548 Qfﬁﬁ%s‘%ve{' Q%ohfb?x%r%ﬁlq{ Sthg’gogxﬁgﬁ&i%ﬂ_cﬁﬁgn ugotf [he twisted

f
pronot e bal ance bet ween each single con
pali@4anavhicredistancd atagre o pradofinddmlistaade pailengfdOByThey of example

di mensi ons of .the cable 0 onents, suych as the
CBbhGEeEF SRR R TaarS SERECs BpRLaRE L srRgers o allow
eﬁ%}%ﬂl’glﬂgﬁg{)f Uor%cﬁg‘%’ﬁﬁﬁ‘ﬁon bPsigRAE o€ H@&?Qegﬁegké of & wavelengths.

or si of the Cables 120 their

[GETRONThE (HAMR alt! 240 LRANS bforth %h%ggﬂ%s@gﬁﬁlg%g@ss including

and connect ors, suc
sedards Woserning the ntzecofihd itwiskddspait D40.i aestdingly, the conductors 300
di_nensi onal standards include standards faor Categor
and 1gsylaiers Py0 3Ee Copighesd t@%ﬁgeggqgﬂ mhysical and electrical ¢ aralteristics that

at least satisfy the industry standards. It is known that a balanced twisted pair 240 helps
to cancel out the interference fields that are generated in and about its active conductors
300. Accordingly, the sizes of the conductors 300 and the insulators 320 should be

configured to promote balance between the conductors 300.

[0071]  Accordingly, the diameter of each of the conductors 300 and the diameter of

each of the insulators 320 are sized to promote balance between each single (one
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cabl es and connectors. In sonme enbodi nents, the size
of the conductors 300 is between #22 Anerican Wre
W@EPS/0§ARNG) and #26 AWG. [ 0072] Each of the copdmuszmng034034

300 of the twi sted pair 240 can conprise any

conductive material that neets industry standards,

i ncluding but not limted to copper conductors 300.

The insul ator 320 nmay conprise but is not limted to

t hernmopl asti cs, fluoraopolyner materials, flanme

cprdustraif0 39 g;@tlﬁwléqq@ ¢ pgylstqd| pa24Qt Thesiimensions of the cable

1?@%8@#?3&%5 conﬂgg%}, gger ﬁqgﬁ%%\égiogsy %&i&n?uld comply with
indus@y staadads. eIrhsdrﬁmanMcﬁmyhtenﬁe (ftE)sions, &0dike] ob the cables 120 and

f opamed form foarred et hyl ene-chl orotrifl uyoroet h(yﬂene
theCFRIRPOnCRi CORBLY MR, inglpstey. gusensiong] siasiags dgr g4 cables and

cgﬁ‘r@cﬁ)r# OQYR] af -451'985128%%} g:?hénl h9&dné ¢ %{%ﬁgﬁt ﬂ@l industry

VI ew 0 e cable toafirst e

dixhertshomal stxmdurds)mcluds steindamds for Citggory 4, Oategor}a@ds ahd/d6Category 6
rrounds the filler 20 nd the tw pai rs 240a
Bhan ectglzﬁ n(seg}q gt%cm;s t]gangzg ﬂe é{gmgléqtgg 300 is between

#%ér%ﬁeﬂcgnfv% Og@(m)%na%% ARG twisted pairs 240a,
240b, 240c, can be distingui shed by having

87, A %ﬁffad UliNiors U ¢, ABE S 2D et Puprise any
ceiductide ieatdrivl shadmbests tildusspreandardeCincudingnbeyr slgrlishited to copper

m ni mzi npedance, m smat ches, either all tw sted
capguctors 260. héﬁhenlgm&aﬁor GRY TRAYCPTRRAISSt bU ris g0t dmited 4@ dhermoplastics,

koD Blyng 2 5%%&1251?” A% Oetd: em)l?%@l?lkﬁ@' Wﬁ?b'ﬂa&dépdretardant

are-pre y S|n1 ar, and t engt
pblmpmp@'bbnpal(FRPEﬂomthmnmm equyahiydewdal (HI3PH), | polyptopylene (PP),

%&@rﬂ?%d.ﬂfrg tggﬁetﬁé\a¥QYb1?§e?érggylg$rgt g% ?«ﬁgﬁ of Bodmmed form,
féthet SRl IBRI-ER orAMuorddiHlend (ECHE), Sb@diEnt s, the

tw sted pairs 240a, 240c can be referred to as the

shor ger | §s 240a, 240c, and the

tMAS?Ed g%Pg?%%®@n£ %h%gé e referred to as the

[OQﬂ?v@;er Flgy4Aesthh ah whistged CMSfSSCtM@bVIGSMﬁdhe Thide 120 accordmg to
ste 240 .are,shown selectiyv oned

2% bR R, oS SR B gy i 1eBRe} b S5 Guncs the

fﬁl@% 200 iaH@ RO kle@Natd 2aba,! @bt PiGE Qdombcﬂfec%&y%ﬂé mh@ced pairs
further di scussed bel ow. [0074] The fil can

2809 ta dorsnl the cablet h20.t Wikt éwsm PSIIQZBGOa,TBéOH 2Ate: 200 can be
dﬁégg@%&ﬁgfiv@rﬂigﬁs f1a: 75 19 m%ﬁ@' 185%ed $2%™M402, 2400, 240,

240d may have dissimilar lay lengths, they should be twisted in the same direction in
order to minimize impedance mismatches, either all twisted pairs 240 having a right-hand
twist or a left-hand twist. The lay lengths of the twisted pairs 240b, 240d are preferably
similar, and the lay lengths of the twisted pairs 240a, 240c are preferably similar. In
some embodiments, the lay lengths of the twisted pairs 240a, 240c are less than the lay
lengths of the twisted pairs 240b, 240d. In such embodiments, the twisted pairs 240a,
240c can be referred to as the shorter lay length twisted pairs 240a, 240c, and the twisted
pairs 240b, 240d can be referred to as the longer lay length twisted pairs 240b, 240d. The
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recei ve and house a particular twi sted pair 240. The
regions formlongitudi nal grooves along the |ength of
wo b@soiisser 200, whi ch grooves can house the tRBUSINNG034034
pairs 240. As shown in Fig. , the filler 200 can
include a core 410 and a nunber of filler dividers 400
that extend radially outward fromthe core 410. In
some preferred enbodi nents, the core 410 of the filler
200 is positioned at a point approximtely central to
ttvinted parist 24D rami stovadgelectivel yf pdsitene® @0 thiaicatier 20 ol widhéxaize alien

a nu s 415 extendi ng r.adial | tward from
FatEllor 418 SElcCH DOV RE Op e Vo Peish 2L be fisHiey discussed
wRiyacent to the legs 410 and/or the filler dividers

400. In sone preferred enbodi nents, the Iength of each

[{)ﬁﬂ‘]ﬁllg% (fel"rﬁgro ?&?E&n ?S [1}8 1@51'1 X ?HQ APS tgw g?éée ?&6 eIT%e filler 200

msiorinasgidng djele emtluatdﬂarttHEgmm edc’tﬁreg{oﬁiaﬁﬁlg a'd}mduﬁaﬁto selectively
415 and, the core 410 of the filler 200 .can_be referred
TeesIvEsangd pojise aRswtiqua e paif Rd0 ¢ (The gpgionsoform lgngigudingl grooves

a?(ﬂl é o? rtlﬁaz l?xf%(?d gﬂg F{‘nog)‘g’teso&iu; H@sfe'th%ﬁmfﬁ%gpmrs 240. As

shoWhen P?g)GlA rth¢ titles2@) bars nchualeta cure 900 ahhatnmhmrdefﬂB:r dividers

@B g g he di vj ders 400, ?Bd the core of th
ot %3 it ot 56 tﬁ%ﬁ?fg“ h& BRTSE Dlsdritecemiaglments, the
cbﬂ:cll}m 8f t@“ﬂﬂ&%do prc;shfonfsc'i lat &"p pbf@&mgﬁg}ﬁ é}{ﬁtzal (t)o the twisted

ext end beyond di‘anet er of the tW sted pai
pals 1240t héhe \ml@t e?wOpﬁarlrhsr Zmﬂ).l@s e sainbert pf ddgp hkﬂjsmﬁmﬂmg radially

| 00., A I
bt S R <o B0 R ek s o G oot che s
41098d/b theiller AB/iaS 0O doBe p'iefénea ehibedlfnrénltse rhe2199gth of each leg
0076] Referring back to Fig. the filler 200 can

41Adp (Y deast gengsalty @quarjlrtpla@prcécm@tﬂls’ | bisdiametgr of 2 twisted pair 240
s&(ﬂ%(gt!l\k?](ffées\ft? r}éda egtgebg ég{{sen& ons 420") extending

directions fromthe base

(85107 e s ggrﬁ’i’ﬁttﬁ%%&%a 0'ofihe Bk Ao i Pogelegerif o s base

pofhr300 dtaNe ANECIDD. TSI A Irsyancéiﬂé!k%écﬁcﬁg!aé/ecﬁbl‘i’dpvﬁéw oPaSiller 200

portion 500 at |east a predefi ext ent shown i n
aFpqgding Ao Akeoifivst gmbedimenty eIﬂl Hagih the fillhe2(f} mgbides edvase portion 500

di §, f. h
8 s or R et SR afes BP6 e BeriePEsiE e 41n some
enfiogirertd, the/blsé oittida FV0eaEhdes QﬁW Pk Qﬂiheqme'i RO that does not extend

extension 420b is a |length E2 n sone enbodi nents,
bependpine diameteriofethe éwrstqsif paig @40xwhie fherivisted paira4Q aaselectively

RO o A A T oMyl e 20
sBoyld &d @bhifiegkdeadj@eht ©fthe legs 415 of the base portion 500 of the filler 200.

[0076] Referring back to Fig. 4A, the filler 200 can include a number of filler
extensions 420a, 420b (collectively “the filler extensions 420”) extending radially
outward in different directions from the base portion 500, and specifically extending from
the legs 415 of the base portionw 500. The extension 420 to the leg 415 may extend
radially outward away from the base portion 500 at least a predefined extent. - As shown

in Fig. 4A and Fig. 5A, the length of the predefined exteﬁt may be different for each
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at | east approximately this distance, the filler
extensi on 420 offsets the filler 200, thereby hel ping

wo eoodeeisease al i en crosstal k between adj acent BebUS®04/034034
120 by maxi m zing the di stance between the respective
tw sted pairs 240 of the adjacent cables 120. [0077]
Fig. 4A shows a reference point 425 |ocated at a
position on each |l eg 415 of the filler 200. The

reference point 425 is useful for nmeasuring the
ertesioncE20sed e nThedpradadiner wxisos pk theeatensiah1488a i@ lengtheE1, while

f in i.s. | .at -a rt-ain length, .
SE R BRALof B AB-bBARHEN, Ph G5 dGgthpgmens, e
feddinedlekicnt bEtheXRAGIOARINDSs af 1Bt raﬁlﬁl@kﬁma?%w%\aﬂ&&he diameter
Is located at approxi mately the m dpoint of each |eg

fpre of theoivrigted peiFg240 haysed dilleeAVe. Biidieviag atmedefined extent of

-nOi . oshtiiQn that, s distanced

L ERESRRLT, 7t BRI ST eR B0 g, e
lelpinpaodieermteralioh cdowtallf betveeehoadieent VhslE£d 208y $haximizing the
240. [0078] The fil]ler 200 may be shaped to configure
qisfangedigt e the respeative giviptadnaia 240 ef thaadiasentsables 12000.
For exanple, the filler 200 can include curved shapes
[B0d7]e d g &ig. tidashayesneredgreycef paint 425 loeatsth ape pofitibhen each leg 415 of

i ai ccardipgl. t tw sted pajrs,. 240
Y 2087 (il B en PnE 427 i st e e asEiinBng, figtance berween

adijdcbhily postioedi bks 1205 TheasRiéhce fotht 425 8 MWAkedt 18! certain length
the filler 200 may incl ude concave curves confi gured

PgyHseradhe Rererli0staie Hidler 30Gatn Figy 46: et q>t9emmfﬁmlgl antfediments,
AL EPRLLED10b08 o b fioBRl G AReb i PEBELAH V. 10 oter

voorés, asontenEmbodiinerts byclmdentharefergcd pRataps et 4pydigdd Mabis distanced
- and tﬁ‘apaci f’@\ée unbal ance over the |length of the cable

fiorg theyeprer He R ppproimately onedialiibe lenaih @f Jbel disarasan, of one of the
Hagg%ﬂ&dgggggﬁgiﬁi 200 can be offset. Specifically, the

filler extension 420 may be configured to offset the

' - L0 E h of the...
Do11cy E80 £uEPR0f DS shple B Bonifdine TR Belns 'O iingly house the

tivied paisss240e CForadxampdy, e fflersd00l @ashclofec@ied Btapes and edges that

tw s eg,pairs 240, which length is referred to as the

%&P%@V' 1 &y the,shapg of the tisted paife 24Q, Acprrdinglis tke Byisted pairs 240 are
§ Welatl10] [ .

B8 Rkt ] SO BASEAROEAA 08B TH00! kg e 4

showa thit thedilleni260 edaypiictude Adacardurie ¢onfighed @aiduse the twisted

24 e.distance (El)..In sim]lar fashiaon, the _
P IAD. i RATRPBPEL e kisidP i pdRthe aler 300 helps to generally fix
a : - a e . . ..
5 SUREF SO otlid el MRS R 08P i
impedance deviations and capacitive unbalance over the length of the cable 120, which

benefit will be further discussed below.

[0079]  The filler 200 can be offset. Specifically, the filler extension 420 may be
configured to offset the filler 200. For example, in Fig. 4A, each of the filler extensions
420 extends beyond an outelr edge of the cross-sectional area of at least one of the twisted
pairs 240, which length is referred to as the predefined extent. In other words, the

extensions 420 extend away from the base portion 500. The filler extension 420a extends
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Accordingly, the filler extensions 420 may be

different lengths, e.g., the extension length (El) is
w@e@aneisss han the extension length (E2). As a PEBUB1004/034034

the filler extension 420a has a cross-sectional area

that is larger than the cross-sectional area of the

filler extension 42Cb. [0080] The offset filler 200

hel ps m nimze alien crosstalk. In addition, alien

crosstal k between adjacent cables 120 can be further

by ondhihe cgossysegtianabanen of therwisted pair 24@tpansd thettwisterspain240d by the
. Al ngl Vet tensjon |l engths o ,
dggy}%l{%et .@gﬁﬁ &Enﬁl&ééf | oln{é’dﬁllf3 g :}S((teex lgﬁsﬁgﬁsmﬁ st??@fﬁp‘gl the cross-

sbetiotial fren exftthé owistddsgdir 240a dd thertw2ed plid @40t [Hyethe 20Qance (E2).
shou] d be offset enough to help formt Re air pockets
Acserdieglycbe fillsr petansignsi4R0gnaabadifiscan lengtsl eg., tiroextaséon length

T 1l e t I .
B AckS o 00 AU el et N B RO, 200 s
cemtp-aeaitnakabi tmt kAGrgenihan de dressectiorl a@ebf ardilleBRfelsion 420b.

of the adjacent cables 120. In addition, the offset

[0080] er STROQ bt &dien VO hapd I BRIkZe ARA EARGAIKON Th Caddition, alien
di stance the longer |lay length tw sted pairs. 240b,
coosstgikopetiygen adiagens ceblss 420 £20 be fnrthesr miniezeflynoffsetting the filler
[ | a¢ ' squr.ces. .such as cl ose .
AT L R R e S e
pbsifioheehijiidr exvdnsionsl 4p@klicul P B diffeddtito of fedt tRXANBY 200. IThe filler 200

SO enbodi nents, the extension_lenth(EIles .
S}é?jﬁ& i FeeE | spotgl 10 ihels Tarpe thex pis raackets | Kgbstween heligly twisted

aMﬁé’etﬁﬁ:aﬁé@@ﬁ g%“lg@%éps)ék?tssl%g%h&%%g ilgﬁg %ﬁo%jﬂl‘s help maintain at least

ext ensi on S ‘appr oxl mat el
af vehge nminimamadistanceehdtenan adjiatangiable H2D dver at least a predefined
Subsequent | vy,

approximately 0.Q02 jnches (0.50 o |
GRE S acerdy Silin 4 Rangbionghe SBhessTicsniah tladiacaetagbles 120
A€ Flnction B & e ' i RXi $Y e

Cdi stnanlcg t'ggli\}‘\:e&g% ?ﬁgsﬁeﬁgﬂ gé}gﬁéﬁ&sﬁﬂpﬁﬁé sﬁﬁogh&gz?{)ﬁ) ne of the
cailes 479 fathesianayaltpmcanside eidpeens cwiscemurded08ich A¥otlose proximity

shoul.d s trically,positioned filler extensjons
ot BT HTTER Se2h %8S Wl s Sk 13h0 B, ror
ekdigplt] inlseme@xiAThONS tHe2bkt@sidengRlikEe) i %ﬁpﬁ&ﬁflﬁé@tﬂvﬁ times the
extend at |east a m nimum extension |length. In
eqsnsior langth (Ehe By Iwasr ofesaaspi¢ only, #2 8orsb euibddiamendsy dhe extension

0 - [ L are the twisted pairs, 24 )
BAED 35 SHORRPEER AR P Bl D, 81 BAE B 28 o
apgtbRioendly 00Y @6hck20.508aimP! SubSddueadly, ¥hd Wingbelly 1MpHE Pairs 240,
alr pockets 160 can hel p maintain at | east "an
240ch coidnbe Plasedi nasintanibe depeedl sxtanden HaDade metimize the distance

L e R TR R T

[Q(ﬁifgu?lg{)et %{% Etnﬁ.lllé ig}'/rlrlglretn%)éﬁ)? Bgs!it?gr?eddfhzl%r %))étte%gllggs’ 226(}/ gengf different
lengths to offset the filler 200, the filler extensions 420 of the cable 120 preferably extend
at least a minimum extension length. In particular, the filler extensions 420 should
extend beyond a cross-sectional area of the twis‘ted pairs 240 enough to help form the air
pockets 160 between adjacent cables 120 that are helically twisted, which air pockets 160

can help maintain at least an approximate minimum average distance between the
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cross-sectional area of at |east one of the tw sted

pairs 240 by at |east one-quarter of the dianmeter (d)
w@booslesssanme twi sted pair 240, while the tw stedI/psiond 034034

240 i s housed adjacent to the filler 200." In other

preferred enbodi nents, an air pocket 160 is forned

havi ng a nmaxi num extent of at least 0.1 tines the

di aneter of a diameter of one of the cables 120. The

effects of the extension |lengths (El, E2) and the

tinceat cahles k10 ovry abfeag] the predeljaet lemginy For qiammle, i spme preferred

T S T
pesd-sactiamd erdf oftdﬁéeastabﬁeeoi?_&h@ twﬁrtek:pa’msmIOI by attlbgst fohéiqﬁﬁrter of the

xtensign 420 of the ca 120 can be enl ar g.
RS G0 o 4 sohe O hame SO AR (oo ovipeioale S360s bged aciacent to

he! P’ a Ymbi re?é?fedt ﬁécﬁﬁgﬁ’t@' b a&f‘;%ock@t P&y kt fc{?ﬂ)ed having a

w th respect to ohe anot sho
fiakingim extbetmf abﬂ@smmameézmmamateb ef eﬂmmiaobftome of the cables 120.
GLOS are

BBl af Ty, SiFiom g ) G Gt 20 cpcabion crosstlk

o1 bdeirthkt digtusdQheld e undesirabl e effects of
[ npedance m smat ch and capacitive unbal ance are

oer %Tn 2 ! sga%; ngf‘%ﬁ'eg Or W b% 0B chft he e%ﬁ)ﬁgéc? togﬁleé% Jpprove the

ornmng at ates mai nt al n
perfarppandeyof thi eslﬂe 260.e Specfivdllyl tlrieeflmetreb(tm&lodlﬂoltﬁ’ﬁﬁéjcable 120 can

@;I w. [[0083 .ur hgé the outer edges of the fil
Aieetrist g I, PR G 68 isokeiei0a ek belpzgserally fix

WRitlvestdd paM 19 1h%sit1%ﬁ Kﬁﬁh ?e@ﬁ ek %o bhdbh t){ef ' As ng@\{m iDRig. 44, the

filler extensions 42 rvature o
%ngactamslmh 4264, I412@b csxbe mspanded @@dmﬁqa&hffer_ent’rm%&chonal areas.

SRR ebR D Re B b GriS Bttt s RDLF G 200, the undesirable
e‘f&%@si &l i&eliahce Bishidch1ang capHssvé RBalaRsd aﬁehﬁmﬁrﬁfz@&ttpereby making

. 260, the filler extensions 420 reduce the anount
the caly 120 sapabls of pezforming ajdvah ddta yatés whilé: elaguaipoTgetigl integrity.

ﬁ}es%lggn MV llégﬁlﬂhgr S t'cﬂgeﬂ i ncl udi ng the positions

palrs ‘Vespect to one anot her.

f d. enb th ket 260
BR3F oo ERBRCT P QSRR Ph eyl ER1cbBgns 20 b epmed do suppor
BBijickeP36) whi€ aRSRRki the PlokbiBer0aldH "tl;y%tﬁv%r Wd find&xtensions 420.

furt her di scussed bel ow. [0084] The | er extensions
Tixo coyerre [0 the duiéss edpes aifdihg ﬂlhae outnsions 429 bélps e improve the

e 120, ri.d 80 are. el evated at diffeyent

PR ReL Rt SR eI ED, Y Birgiefie o schutd riipoaithés ind capacitive
urbhtaB¥d. eﬂﬁdcﬁfb%ll?-?&l fifing $ h@gw? agzﬂnﬁ'tﬂe Jaéleet 260€tHe FRE extensions 420
180a i s nore el evat ed han the rid

reduce the amount of air in the cable 120 and generally fix the components of the cable
120 in position; including the positions of the twisted pairs 240 with respect to one
another. In some preferred embodiments, the jacket 260 is compression fitted over the
filler 200 and the twisted pairs 240. The benefit of these attributes will be further

discussed below.

[0084]  The filler extensions 420 form the ridges 180 along the outer edge of the cable
120. The ridges 180 are elevated at different heights according to the lengths of the filler
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180b. This helps to offset the cables 120 in order to

reduce alien crosstal k between adj acent cabl es 120,
wokiosi4sshar acteristic will be further di scusserChebmwg/034034

[0085] A neasure of the greatest dianeter (D) of the

cable 120 is also shown in Fig. 4A. For the cable 120

shown in Fig. 4A the dianeter (D) is the distance

between the ridge 180a and the ridge 180b. As

menti oned above, the cable 120 can be a particul ar

extensions 48Darks shoveuhFigh4d, ithe ndmnlli“éaslsmptc clevated than the ridge

1&6&1 ?th)%(ﬁlg asntgﬁ%tfﬁ E éﬁ%at escga %Pvﬂze cab uga oaﬁvng%gsspa?k between

ARt ircablRk @90 Whibh BRuEitE! stie il ablf@sher Biscuayd 8Eloexanpl e
only, in sonme enbodi nents, the dianeter (D) of the

[?@@ée 1%0rnba°3ufb°ofrfﬁé greta{é%%ngér {]ﬁ‘P)hﬁ?thé SabB21 305 also shown in Fig.

By conplying®w th existing di mensi ona
4. aﬁdathcts:abbru@mhwel iddilg.t4d  she diapmter (EAbliethe diktence between the

r@% @leogﬁﬁ%Qg égb b%éuse , to r I a er%mﬁs %dwgaéj be a particular

saétb%tdlm&t@fi stBrthﬁt i€ BbBPREYwEh ua%dah %cﬁf@&l% %@hhhsrdh NFr example, the
net wor k conmuni cati on devices, thereby helping to

qahlerlé?@s@ax be azizgi thatdompligs anqbr%agay iSo FPatagersdse, batlioe €hategory 6

R SBTE PY W st BB o 3o GEbrEennfre dometer 1) of

tBE OB $20 EHdsmork Higant®PS BicRXQA6B3Mmkg! p | nprove the
conmuni cati ons speeds between devi ces of existing

[068610T Ky cbg'%gﬂlg Rithhighg Eirﬁensfd%aﬁﬁ%r&s%l {h&iQfed twisted pair

ext ensi ons ot her enbodi ments can i ncl ude vari ous
cablebeths cabld blﬁﬂcangeasdiub@nﬁeéfto freplheer existirensdbdess H@Oexample the

e DTS5 8 b SRRt e o metworc of

cRERNiIEH: R (deviess A IRIp 1nc5td1i'nl:1%ﬁ§eythe bidil aﬁfe &xd ﬁﬁ?h@iﬂﬁn speeds
420 of different or Sim I ar | engt hs can be used

beiweeanibe dsivises-d dtrtbes wWeepablh é%@p@dvsnﬁa@bbc@memblebwth existing
cToH ecftélJ ld%(chg(ta '&Sls&p&neﬁzo ﬁ“ﬁﬁsgcg%s € 2[21 gflggffc,\%e%etl% eimprove the

er encé by i néreasi ng

c@ﬁblhlﬁﬁcal'i%ﬁs speBdsberRe@nndicaentSstingetivbidser 200 is
offset to facilitate the distancing of the cables 120

[essﬂhe adab i: 4 Shdwidiwd diuat bxieh9bRt £3b, oths éiﬁlgcﬁﬁﬁlents can

[ I'er 200 t el ps isolate a particular cable s
lmbu@ft saieusi mgnlmm afid confi guratiinseof falleysexterisiong et?8r aAayl number of

ier RIS Hs 2 nfu e 6 o MR il B BervieBR AIRE 140 positioned

pralhfitel B0oneringdther.4 BirfifarBh) eiliey @téiksns I20f FTdférent or similar lengths
enbodi nents _of the cable 120. Fig. 4B shows an

can| ber geadl. cridesdisiengeoprivided between the adjacent cables 120 by the filler
extensions 420 reduces the effects of interference by increasing the distance between the

cables 120. In some embodiments, the filler 200 is offset to facilitate the distancing of
the cables 120 as the cables 120 are individually rotated. The offset filler 200 then helps
isolate a particular cable’s 120 twisted pairs 240 from the alien crosstalk generated by

another cable’s 120 twisted pairs 240.

1

22



view of a cable 120" according to a second

enbodi nent... The cable 120" shown in Fig. 4B incl udes
wa@2doslohas4 200° that includes three | egs 415 aneCT/DEEe4/034034

filler extensions 420 extending away fromthe | egs 415

and beyond the cross-sectional areas of the tw sted

pairs 240. Each of the |egs 415 includes the reference

poi nt 415. The filler 200" can function in any of the

ways di scussed above in relation to the filler 200,

[0088] udi By ihestpinexamplel of etheecmbpdivwents| of thesnableohlﬂ;i Figs. 4B-4C

S SRR el APBRTE Bud e b0 bl ofols asfreed cross-

sé&QnalaGféW Qf agcaﬁafe 20’ meslrdmgbRﬂhm@éﬁnd E‘i‘ﬁb@éﬁn&éﬁP' eT%SQ:able 120’

includes a filler 200" with a nunber of |egs 415 and
somen flnI]T‘Ing 4Bxinehideon kg 2000 dhati ingludesathrée degsohkd afid three filler

e%(gggilpg %ergﬂ ?\(x%yg{} Be o 9@3&%3 %ﬁ)éon:agb% g&%@-sectlonal areas of
thaedistee phize 24@ BhenerthiRAE M 41 FidsludethetrBREence point 415. The filler
enbodi ments the legs 415 shown in Fig. 4C can be

2001 ¢asr figtiotipal emsarkyog then &valys |disspssed ceborerin alebagion uncthi ditller 200,
f.t h f f t

ey h@?ﬁlg'*ﬁé s bl el Bl e

(G894 houmi ey S*'Ogo 465 SEfs o rlPesioosssiar o gy o @ cable 120"

a@&fr&n@ Q6 i tRid eRBodin@nt, Aghih Biflﬂp QQO’OfnchﬁiG§ a4ilr 206" WiE a number
extensi on 420 extending away fromthe base portion

of degs @5dandn@reeflg@re@qt¢nsml 430 e)@twai}mg pWARY Green ohe ohdhd kegs 415 and
415 t he base rti on 5B, sho

vesef g B e au plser Akt gl SR PO atR g, Tho tess 415

iRMidd B8 16fEnce pbmtLAIR N Gherdeib®Miinedsthaviess 4150dRolmen Fig. 4C
base portion 500" by at |east approximtely the

o badiliendividore dRQ-. Thn fillve 2o sleniunstiondn rey A the s that the
'f’?fgh@d%én%n&? i ncludes four legs 415 with the

arrs 240 adjacent to the | egs 415. Each of

g f the base . portion. 500" includ the., .
(0L, Cofig 58w 38 ARG R sk Etin A w35 hE Bfled A0 according to
- tiROMiddOsthiRsHiinBntOt Aeshovew sn Fry 58I ﬂ{eaﬁﬁérnﬂ)oacﬂaﬁQﬁélﬁdié’ a base portion
positi oned cables 120. For exanp Fi 4D shows an

sear hagag agrsther o6 dags dﬂaandut@waﬁnswm‘l priending away fromethe base

oo R S A PR 5 Y s poion

58bnpigt BB shawk @L&ZletéﬂmﬁsIMD%Sﬁaﬁed adj&ﬂ:nbtb the lbageapdriion 500",
tw sted about along the cable 120, or an)() conponent of
12

Thgextsapion 420 gxtepys Huphiomahe bass iportismel04 by 4 leaptepprnsimately the
p}%gfmé& ?)ftgﬁtl i nPibodiBaRt sBEwh %%ng gﬁeﬁixe ffh1ep %bW%Qludes four legs

415 with the twisted pairs 240 adjacent to the legs 415. Each of the legs 415 of the base

portion 500" includes the reference point 425.

[0091]  The filler 200 can be configured in other ways for distancing adjacently
positioned-cables 120. For example, Fig. 4D shows an enlarged cross-sectional view of
the cable 120 and the filler 200 according to the embodiment of Fig. 4A in combination
with a different filler 200"" positioned along the cable 120. The filler 200"" can be
helically twisted about along the cable 120, or any component of the cable 120. By being
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pl aced cables 120 and nmai ntain a di stance between

them As the filler 200"" helically twi sts about the
w@awb®e4382D, it prevents adjacent cables 120 frpOT/US2004/034034

nesting together. The filler 200"" may be positioned

al ong any enbodi nent of the cable 120. In sone

enbodi nents, the filler 200"" is positioned al ong the
tw sted pairs 240 [0092] The configuration of the
cables 12 ts shown in Figs.

pogitigned &}@gzﬂs@ @alflé laeealeaftl@r ;20 T '. qfndterpaskioniedtie deintepn adjacently

Ppodd R e A ot QAT ARl PRV By 800" heticaty
iwasts abcmrtbe cdble 1120, & proviney adjflceheaztbllésemo fraﬁi HEbtRg tgther. The
following. First, the cable

ted t th
@gfﬁf #@QT d%%rbg H%ﬁ?tborteé 1laps e cmpbadiment: ah dhe l@éblweb?w In some
énfiochitsit fle RALY 50024 i RAbAGERE 1 ARS8 BAR adgher DY

reduci ng t ects |en Crosst t he

e et B LB 19 5L PR A gl i

mm-m aﬂermestoa.i ugtely- maihtagh iHeRae dasfth@ﬁ bspbud
airs 240b, 240d. T%, rd. the cab %%g’ 12 % pe §§t§‘§1gnalsbe1ng

Bragalsdravet ths calep 12Q dlecablns 129 @aﬂ:wpabb ch @ugth peréprmance due to a
TRELHNE ESF 'fél\%lr{e%{“ ?{t{ﬁﬂl Cf&g'b{l?‘ o8 Qi¥ed Poglpt wine, First, the cable

consi st enc l'ectric prope t|
ovafiguiatibns he:lp rtolnciemg thbelidtavics ttedvaal the tRAded E@Mé’ bhg of adjacent

0 b f d
ol 480 i Phrehipaan o sver! Aes crosmiglin Tspondithe sitinigO can be
cbhﬁglﬁl@bf ) ?@rea@& ttl‘Ié BidaRs QthEE}?th%gg{hﬁ %%?%lggggftglgﬁ grle Ajost prone to

even when the cable 120
abiieny aedsstakks egy alé hi)lngelﬁaj7 tengtit tndstedipdiess240B024@N Difird, the cables 120
con mber. of instances of

dt th
PR {%ﬁ e urﬁe&l‘eﬁf@ioe‘beqlb g %uaaﬁ%mge FUPGPE RS FvregRy the twisted pairs 240
WBahpeenhg GR-ASIsEAy of MY ﬁléfé&ﬁ@g@&%eg BE HRGHA n?]%%ﬁﬁ‘oundmg the

of positions that are prone to en crossta
trvistadupaiss 24Ad E@-\Iﬁhﬂﬁg@blmﬂﬂm b@&bhﬁguﬂ:ﬂ@o withimin®theb@riations in

d l.
R 1 D, 8 P AP B A e 120
cohporkens, adeh ivalienothe aBRAYZY isn@lﬁb@,hﬂﬁ%§Qe§|hcgg? %n?b’%ttenuatmn

maxi m zi ng the di stance between the tw Sted
Faith, e cables 128 sagsbel panfiggdciof fedacd the mumban oft imstencey of parallel

ffects
o SaEEOM i SRNGIRGAY S Rl P Dup phgmiing e
obcwtahsed dapositins ehealars?p?]roﬁé asalical dtosealk eMh¥delBatures and advantages
e adj acent cables 120 can be

-24-1 0094
of 1 Plre 470 Sk RavI eI digearsed 14 et iabong

E.  Distance Maximization

[0093]  The cables 120 can be configured to minimize the degradation of propagating
high-speed signals by maximizing the distance between the twisted pairs 240 of adjacent
cables 120. Specifically, the distancing of the cables 120 reduces the effects of alien
crosstalk. As mentioned above, the magnitudes of the fields that cause alien crosstalk

weaken with distance. -
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generally parallel axes as shown in Fig. 1 such that
the points of contact 140 and the air pockets 160
wG@b@dn4issd Fig. 1 are forned at vari ous positi OPCT/EBZIING034034
t he adjacent cables 120. The cables 120 may be tw sted
so that the ridges 180 formthe points of contact 140
bet ween the cabl es 120, as discussed in relation to
Fig. 1. Accordingly, at various positions along the
| ongi tudi nal axes, the adjacent cables 120 may touch
B09%4]nhei Mhei d@wnﬂ&@blesxtlmocrancbcntladrtvublally\tand hélécally twisted along

d I 12
GO AT PosiRP 55 a4 BRe A P 10REH B B optet 140 and the i
pd%ﬁét@él%g s‘hB@mCihsFlgnP Ard RIWRE ht taRbes f)a@u%xﬁdal&?g fR grﬂ?cent cables

poi ntS of contact 140 and t he non-Tont
k?& ﬁlEh@ cabh:e A e maydguwiisted s nhetnthe mdg@ bﬂ%onnrthapoimtsu afreontact 140

ShABLRE BrlRotAS oo T oLl fasnl  eccomifiner various

pRtlons k2@ the lé’f@lﬂuﬂin&?ﬁké@,?’th‘él RGREAOHDRE 18Shhy %&B z&hﬁ‘eu ridges

]Iaagj acent cables 120 in relatioh to one anot her.
k tAYeRON-¢dndace ppinss theadjseent bebleoi2q gqnﬂeajsqp@rarmwrmd qn pockets

]g§ S&ﬁ%&gabﬁ&e 20 ln?lg congxurteﬁ ltngc%{tae\{ésmresifl%@ %ﬁgween their twisted

nen i oned abov

paivs Q40 cht paily the 24THos oné&ﬁia@ﬂQOmﬂ&h@ﬁ@rﬂ@oitﬁctéﬁdlﬁﬂ thereby reducing
crosstal k than are the shorter lay |ength tw st ed

34ign cEossiabia Inaddiionapy yeing ﬁgwdonmﬁ@d belisrbvigtr fonylifferent adjacent

c%gler@gﬁg 413%361 %tﬂe‘ﬁ\g&%ﬂ&g{: gﬁ_{lggr{t ag?és 189 9{ H’P%(M‘l%%g %y discouraging

rextiensf the adjaGamt o:ﬁblesal:lﬂ maéila&orl&ﬂoﬂecanbtnet her di stance
the longer lay length tw sted pairs 240b, 240d. This

[0095]i guFaith@Nthél dabledel20 Wah MRIcolfiS6148 36 thk&hONY diktance their longer
Random zed Cabl e Twi st [ 0096] Thé di stance between

lay jeagtntisiep pairs Pé0fe 240dn 1 esmantioned mbpee, Waslomgerelty dongth twisted
pfaYi‘s S’)ttlbﬁ] 92t4bﬁear§giogé: ﬁlr&le & Qlll &%gs?algﬁ:lﬁgn Jug rfltg{téls Payqﬁlégth twisted

Ten ftw's ere

gaaal@stOmfZ@ce Aécdrdhaglgzdjtlﬁacm’mﬁescmﬂ may 5eRctihely bsieibh e longer lay
Q t he vall egt}s@gf t he ot her cable 120, thereby

181?% SUisiesh P24 s (ARG PEpXimIRe it therlageret fillas @gerz@m #20a of each
a t e e

PRI, B RARLC M LABEL ) Rk, (AR b5 2R, 200 This

cwnf@umﬂmuwal@ba fizter digcwked bedowdj acent cabl es 120. For

exanpl e, the adjacent cables 120 shown in Fig. 1 have

di fferent 1.ay |Ragddibized 0abki Dwist t he nunber and si ze
g{]%é he ,’-11‘ pocke% 160 fornmed between the cables 12
L ]ITHXI slistpnce 8“’[‘1969‘?1]3"%5’ psHiqned sables A 29 gan be maxumzed by

tF/A o OHE EfljdcBnNEdDResC 150 4P dlfbn AR B leha Rl 2CBY bcélﬁpo twisted at

different rates, the peaks of one of the adjacent cables 120 do not align with the valleys of
the other cable 120, thereby discouraging a nesting alignment of the cables 120 in
relation to one another. Accordingly, the different lay lengths of the adjacent cables 120
help to prevent or discourage nesting of the adjacent cables 120. For example, the
adjacent cables 120 shown in Fig. 1 have different lay lengths. Therefore, the number

and size of the air pockets 160 formed between the cables 120 are maximized.
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sections of the cable 120 do not have the same tw st
rate at any point along the |length of the

WG mseest4 ons. To this end, the cable 120 nay PET/US2004/034034
helically tw sted along at | east a predefined | ength
of the cable 120. The helical tw sting includes a
torsional rotation of the cable about a generally
| ongi tudi nal axis. The helical tw sting of the cable

120 may be varied over the predefined |l ength so that
ﬂ0ﬂ37]c ab|Téle|cayle| Bigedn Ty configuethioehalp @ngyreHbat adjacently placed sub-

SRRV 5 AE3600 05 BTN S5 AREHAGe i o

He sthéétﬁﬂs atToatlﬁﬁéﬁcﬁltﬂe catile QZDaMaj' 88 gichically ﬁv1ﬁﬂedsaﬂong at least a
poi nt al ong the ca ble 120. The cable lay [ ength can

edﬁfmdd%gt@/ of sy @hlrel 30 nEhe helical 1wisting mc\l/wd§§ adorsional rotation of
b Qb rﬁ)oo@ epacf %;ﬁg%aﬁ‘ %xﬁabfh%aﬁeﬁlg%l%Asln% c?t{{{'lg calgle 120 may

poi N I ST approac

o viriee @.&bkl&a Qrﬁﬂeﬁneghér%ﬂls so tiie the sitdatslehgthvefahe thisle 120 either
spiraling ridges 180 along. the cable 120 decrease.

CHHBBHSEN NGFEASGH B mélnﬁ?%sébéfqeﬁ@asqs(eﬂmrhﬂ@f predefipgh length.  For
8@1@5 tﬁ@@aﬁﬂ@‘i@@rﬂagtbg th e SHEr &eGH Oftfe 1 ne é;not g first point along

Séctions are sitioned adjacent to
1hla easlad26e éﬂhe(mbledﬁy fengticednl cmnhﬁ@owmy Hedrease (ﬂziefdabreemo is twisted

bl | . Thi b-
e wodt on viga ke EalinKeconenotisut Bes bk 184S approached.
£abheayil2lr 8Ri Edle #b0 dishess ant diRiRes bEﬁ?ereﬁ BYe rs?friinélizﬁlgnﬂdges 180

alien crosstal k betweeR t hé sub-secti ons
1lpeg theshblad20betinasen Qdmeemuemy t\ﬁm the pmddfnﬁefddmgth of the cable 120
bsec i.ons g\(}mn m ze. a

s et Sn i sl 280 WY u B Mebifichen Sjacent to one

HRIDER ethet F1B-sebtons &sFt thO REbIEVIRD WIIE hvee dBfaréit GabRMAY Nengths. This
I n some enbodi nents, the average distance between”the

dpapseages ﬂ@s%}@c&epv@lsrfé@fé Mmepiéng 9arthes baagsothegidges dBthﬁéhe cables-

PAPGREFH) APl hERRY AR fon 5l baNREL Ble LSicctions by

egidazingate ekttt )beaffeehht@eﬁlu bFefiedr] €S didfeednt ttigst rates of the sub-
predefined | ength, OOQWL‘%Because the cable 120 is

fetionshaly minimigediearcrossiidoby Paripingg seateins avgrageofligthroe between
%gﬂﬁ eﬁgs B@%g&ljé‘ gre{gl@l?ne%%lghgtgn%ﬁgo?l I%ﬁ}btogirﬁén%j tR@hietage distance

barweas the ntbseg rgspediivesrefdréree fpolte 422 6Deachhef thesuls- sﬂdtmns is at least
Ereahalt s tisian gt ﬁe‘J@nbﬁw &g A Bogiexirgion 420 (i predefined
ggﬁ{ﬁ ‘ﬂéf%‘tﬁ' y decreased over
5&?%21;@9? %S(lbcrﬁg § cfoifrengt sonme enbodi nment s,
Wﬂ lifeca%%qaé gab?é) Pid ﬁqleﬁc\,[aqu twf&e(ﬁ 5{ xlaﬁao t\ﬁa?‘? 910 g fages along the

SucC
Piepd it 1eﬁgthoihet ARter] a@rk&he 263tddnpAitkd 240, daridrSthk jaclet 260 can be

t he jacket 260 that causes the

twisted correspondingly. Thus, the filler 200, the twisted pairs 240, and/or the jacket 260
can be twisted such that their respective lay lengths are either continuously increased or
continuously decreased over at least the predefined length. In some embodiments, the
jacket 260 is applied over the filler 200 and twisted pairs 240 in a compression fit such

that the application of the jacket 260 includes a twisting of the jacket 260 that causes the



-26-tightly received filler 200 to be twisted in a

correspondi ng manner. As a result, the twisted pairs
wQ@4ds0essei ved within filler 200 are ul ti mat el yPCT/US2004/034034

helically twisted with respect to one another. In

practice, random zing the lay |engths of the tw sted

pairs 240 once jacket 260 is applied such as by a

twi sting of the jacket has been found to have the

added advant.age m.ni m.zi the re-introduction of

SIS Geltvall ERF 200 55 0 idiehih actoreaRin e B0t g 2 tosult, the
C . o 1 . ' i oh

AUDPRiAA0RECd YR R YIS0 RBRIANECH LNy illed Bich respect to

angpoethencle whctidenranilemizingahe laydatghs of the AwtddS5eRd 240 once jacket
iéﬁ‘lb.ow [ ect.ion. G 2, .Never{ el ess, in sone
is Cﬁpﬁgﬁ §uc}¥Bl ag by 4 Prigtng o j:apﬁqtel}as n found to have the added
ddngigRengentidithi L i i bt gd
ot lhg e SEAIo SAAEALIRNY 4 40 B, ot
appjogcheas twr@nrdcmgggtg}m tyﬁi@al&mgllcmeﬁzhiercon{eﬁQQzﬂiicHrh@y actulally increase
! t Wi st i,ng .the ca 120 .varies an origina
A TR 0 e A et i
Sevticii 6@.2paNEverBtfbss, ThE does lefhoBfhdnts, 240 +@isfny S&*t ﬁge b¥}er 200

.approxi mately the same rate at each point alon
I gedeniy @flt%h@t?h@t 2fReanses thectavistbe pdies 4@ cbcaived hthin the filler to

] . ' ] |ied by th Il
Py ] P Y Bpeotl St PR hai s 240, i n response

08T FRFEE 8088 B HEL 8 Dot o st
el ] S 55 R0 SO AR 2 e v

further discussed in rel
appregispately dhe earge atokt edvh poat|ador2be wirddefiabd terlgth. The rate can be

R R I T ——
twisteslpaie Q40,0 hatesybeso He dfgli'@itf’qujfrﬂ?é fo¥si &l %ﬁ?{a}é&‘?ﬂe lay length

Iénel i ca%l |y twisted cables 120 according to the
Op RAsH L e Ewighed s 24 ehanigena cataje amepat Blisk fwaction and its benefits

\ a ' ' . of I 0 _toychi a
VB B oA el KIS G008 R0 AU Rafl o e cae
12heill lsb be ferkter discasssd #@lacian thBigeonfA-guped to
i ncrease the distance between the twi sted pairs 240 of

adj acent gabl ePofof CoREa@PY M ni mi zing al i en
qcﬂr 8]5t .k at the points of contact 140. [00101] In ‘
[ 1§. 6 A8 HEA9EL 8 VERPYEY e@spetctionglidews ofengitudiredly adjacent

adB=1R68y e ' ce (). .The distance .
SRy SFRRLTREES 0 BB e 0F ot Sibocinii of B fdVenion. Figs.

68xik sbowrorbewgictiofdE Viewndf e chbles knessuding he difskst points of
260. IB t&e cabl e, 120 posij tion

contact 140. At these positions, the filler extensions 420 can be configured to increase

the distance between the twisted pairs 240 of adjacent cables 120, thereby minimizing

alien crosstalk at the points of contact 140.

[00101] InFig. 6A, the nearest twisted pairs 240 of the cables 120 are separated by the
distance (S1). The distance (S1) equals approximately two times the sum of the
extension length (E1) and the thickness of the jacket 260. In the cable 120 position

shown in Fig. 6A, the filler extensions 420a of the cables 120 increase the distance
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shown in Fig. 6A, the filler extensions 420a of the

cabl es 120 increase the distance -27-between the
woeasmsisst W st ed pairs 240 of the cabl es 120 bRCT/NBSZNE4/034034

the extension length (El). The cl osest reference

poi nts 425 of the adjacent cables 120 shown in Fig. 6A

are separated by the distance . [00102] In Fig. 6A,

t he adj acent cables 120 are positioned such that their

respectlve | onger lay length tw sted galrs 240b, 24

betwcanthg Tsatstt Riieed Rpire 24 G theicablkar 2arhy Btiee Siroptteasion length

Y TREUdled peRlcRle paiyrﬁﬁsgs‘glgﬁm% Bty cabld 159 s80n 35 die. 64 arc

cause the longer pairs
sap&ramdrbgthnfdmtanwsm ien crosstal k than are the shorter
lay Iength twi sted pairs 240a, 240c, the larger filler

[08102)si DNFAYN thé all dﬁ@erﬁ&:ﬁbl@§ 12@%@?@5@@[{&%&1{ ehy tﬁeir respective

p05|t|oned to provide increased di stance between
Ipngegyday leagthy t@/mj@dwpmwi Z40ba 2404 ars mareiproxim@te tofeavmether than are the

AREER 20k SOTBANE s, o0, LPIESFUAIAE "Bl e fonger o

lslegfnlamiseﬂ Rirs 2A6b ppi0atar® noe®piioas to AHh GBI itharf 48 the shorter lay
and t her eb‘%/4 r educi n‘? alien crosstal k between them
&

1?%“65?1@%8%\%@3 Oap @4Qca bhe argerdfilles extrnsionn #2808 dha oables 120 are
| .
I TN -
rairk I%Db,ZZ)@dCdntheaiablatll\Zél ymefse@lenﬁy,aflﬁ lbﬁg@?ay hiﬁlgth tv|:1sted pairs
S the | onger |ay |engt
%4&1»3%@%1 %3}"? §a‘§ 62‘5 %ﬁmﬁgypseaéra&&satttb% Remt @b gpntact 140 shown in
I-Qé QA r%tdech&‘ébﬁl rel:cﬁﬁ aélfrehlc:;?sre stafXbANREL thef? Oy ot-ﬁlaf %vords the cables

flnction is hel ctively mnim zing
Eﬂa@sﬂm korhﬁ@lwaiet@ pioeideomsxinsm sq&samfn bdtiveen cheokmgaﬂ lay length

eagritoégl%bzgw Sf;%%ﬁ%é@ﬁ etlbel P @%eéqplo% slgfec%g/glytr\glcesl\tlee gnd house

tﬁé @ﬁ@teﬂ irk 08@! Pet exrRple HRLY 18hoth'
of the ?ggl es 120 al orﬁéet helé}%e% hee ﬁlt%v?%gﬁﬁ% m 240d may

beapsitioned wiost prexizadte o 24@1891' flﬂhee)dattsll@s42(20 ’Ehue functlon is helpful

félg gig c%{v(é pg}o/mﬁﬁ%?%l éeq %os.?t%lgeztletwﬁ% g%:ﬁ%t@?sp tswgges 23f alien crosstalk

bevWeemh@thbla%leOh- thERngandy it fWiska paiss fot, hgod acket
260. In the cable 120 position shown'in Fig. 6B, the

[()Mds?r Bl 6BSIHRNE A288-etibhd wablo ?%ﬂ&t%gr E&gf gf‘%?nt%ﬁelm of the

di st ance between the nearest tw ste air
ceblps 20 dlpng theirtlengths. tImeFlng&rthe nearést m‘gtsted(lﬁi?r)s 24Tlof the cables 120

S GRS e AR B Trebumiee dSD b Rebareatamel two times the
s of hORRAioh 'Beﬂt_g;g (EDBind! e 1a6kReE 8! tHedabes 2680 1@'the cable 120

posi tioned such at their respective
position shown in Fig. 6B, the filler extensions 420b of the cables 120 increase the

distance between the nearest twisted pairs 240 of the cables 120 by twice the extension
length (E2). The closest reference points 425 of the adjacent cables 120 shown in Fig. 6B

are separated by the distance S2',

[00104] In Fig. 6B, the adjacent cables 120 are positioned such that their respective
shorter lay length twisted pairs 240a, 240c are more proximate to each other than are the

longer lay length twisted pairs 240b, 240d of the cables 120. The shorter lay length

.08



shorter lay length tw sted pairs 240a, 240c are nore
proxi mate to each other than are the longer lay |ength
WO hosessspai rs 240b, 240d of the cables 120. TPET/US2004/034034
shorter lay length -28-twi sted pairs 240a, 240c of the
cabl es 120 are separated at the point of contact 140
shown in Fig. 6B by at |east the lengths of the filler
ext ensi ons 420b, thereby reducing alien crosstalk
bet ween them Because the shorter lay length tw sted
peibted paisn2d0a224 efrthe tabdes Pi0ue separaied efthe posis bhtdatact 140 shown

{ han t he, | anger, | I th.tw sted iAns 240D, . .
lyad: BBt EhieeRafenondl SLRELAUHSHIR 68 08, feretieducing aten
3rdbst Ak DetirlefChdii € REcARS ithid SHIREr Ia? 18hgth aREeed NgrsS0LL R10c are less
lay length tw sted pairs 240a, 240c of the cables 120.

monglite Aliss egosatadly shan prer g slengai lay daegthtyisied pahe 2400l 240d, the

i [.e r between the lLonger lay ..
R T HOE S S35, B0 B 1P PDOFod g nce e
dHoktee Naye Ine s twikted4ghde 2404 Pa0€ a7l tBs chBRs an®. Uaddiksussed above,
separate the |onger lay length twi sted pairs 240D,

ingrogsesk distaace jsomerahelpl fhejedicimgnilion gpesidliedetween the longer lay

: 0. n . Paj . 5
RAENSR T A 20 e DB R 0RO e o
IZDaratusetbio-sepahizahe oiget lay dupigtwibet palre DYOY) 2404t positions where
&)Eese ositions, the caples 120 can be configured to .
the¥ Are8est proxigatebehveentihe Gales 1% twi sted pairs 240 of

adj acent cables_120 by form ng the air pockets 160
bet ween t h& cabNes-coptact Pagreby i ni ni zi ng al i en ~

?§§]t alflf%sgéq(%gﬁ 1%ivxmc§osgfse %ﬁgla%e\x;ssgfa F]}%hgﬁehl%{ 212(') yat non-contact

adj acent are 1 ndependent]|
pointst dongtheii fdngthant Atahése pasjtidnsngiehsableshe2d ichh ebe configured to

extensions 420 hel p formthe air_pockets 160 by )
RERBIge LB Brebemeon HE CipCoRiafl oivamegeaahigs 120 by forming the

1P PBLRES 160 Bt HESL R 28618000 SheleBY Eﬁuﬁ%@%@%ﬁlﬁg POSEEL at the points

can be maxim zed by creating slig atirons In
ofidomtact b4t Whenadho adjacant chtdeyyl 2Quatierindeperdstiyfantithelically twisted at

I 0., [00106] .,.Th [ kets 1 [ .th '
GiREh 82 at JRES, 1 FURL BRI Dooheb 0P ES Gisbacgkers 160 by
Helfing HoOpreOéat SO V¥abRs CI0S frofif GbdtRigatog¥ih8l OAs WRussed above, this

ad] acent” _cabl es 120 separated by a Eartl cular air
@sieneng eHfectaan hepuaximizsd byl werjingsbight flerigationgiimawist rotation along

bERGiRpoigf DEr BS3uAORaY | UoC T2t ed 1 Fig. 6C the

R0G " Bl P s SRs Gshts REe S QpELESke 240 of
%g%%%@% }2?206 rlﬁi_ g@?g%dﬁﬁ%&%&cﬁ%ﬁtv% BAinE 248t RbbIEREH0 separated
by a particular air pocket 160 at a position along their longitudinal lengths. At the
position illustrated in Fig. 6C, the adjacent cables 120 are separated by the air pocket 160.
While at this position, the air pocket 160 formed by the helically rotating ridges 180
functions to distance the most proximate twisted pairs 240 of each cable 120. The length
of the air pocket 160 is the increased distance between the adjacent cables 120.. In Fig.

6C, the distance between the nearest twisted pairs 240 of the cables 120 at this position is

indicated by the distance (S3). Because air has excellent insulation properties, the
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of the air pocket 160 is the increased distance

bet ween the adj acent cables 120. . In Fig. 6C, the
walc@samsss bet ween the nearest tw sted pairs 24BCDUS100€034034

cables 120 at this position is indicated by the

di stance (S3). Because air has excellent insulation

properties, the -29-distance fornmed by the air pocket

160 is effective for isolating the adjacent, cables

8 L B3R a8 o e 850 s 120
feppaliad efbsikt e Kb S§@NAE cR3est rbARLS ]poi-irlli‘s,'94ﬁ§1r g%i idfacent cables

can be configured Such that when their tw ste

120 arexseparibnd byetpadistande 8- the fill er extensions 420,
the air pockets 160 are fornmed to di stance the tw sted
[PRI073 27De ofblesht2C el besca?Furddnerch iiyathehqn teirtt@ist@bpsiss 240 are

alien crpsstal k between the cables 120. [00108] Fig.

%B@%&i&f B Ui dler exienmigns 20, thanis popkess 5%9 aledarmedhisl distance the
_ . . Chelr Fongi o

BRI AN SN0 BB 42U e

callps €20.120 of Fig. 6D are separated by the air pocket

160. As discussed in relation to Fig. 6C, the air
[@Ud8et FigO6Bhshoms arrdss-gectibalf viewtdfans adjacedi SilﬂﬁsCFZ(ﬁ A@mnother air

near W sted pajrs 240 of the cables 120. The
PG JH0 aloBe Hhelomptutpd dmedes. |SHiiE Bappstionghasrn iBig, 6C, the
i e . . .
o9AEl £ APIGD WY SpRIRULL: L8 phaldh 100 M Blcbli n rtion o g
6p0ithet &ir $2Eked 160 Ishownl jimFign toDr Alrictiensl #0diatafcs epaicateat tiiyted pairs

A Be e AR e by e Setist) gRAbparS D40 of the cables
1200 eiifpBiifioR s AR afed el Jd%Qalﬁ:@rKSQf HP R % %r])%’le[ﬁes tcg)icast reference

i ncrease the distances "between the tw ste

‘pomntedf Seidhe adjagsnbeablesd 20 Aoy sepreatesl ey, tha distahee $df i ety of
filler extension 420 configurations can be used to

[0018P a sAlthdrehdFigs. aive-€Dbsitone epecifite embpdiarnts 6ftheasibka0.20, other
%]kﬁe Fill elrf 00 @?n 'é(?cl ude difffer nt. nunbers and si zes

SBPOLImETHS 9 BF aPehd 6ok ba senfigided ipincraase ihecristrres detween the
tWHRIRdtfARE 280 Of GOAknIURIRE 34D, PEGURApRES0g vgﬁ%tggdfglﬁl%P Extension

cabl es 120. The filler 200 can include any s
42@ spufigurations lsen pe usesl tdiistramedhe Histands heteretn dabddiscedPables 120.

A0 SRR 5 RS 2t SR a0 and
fitleO8R/iERE HOO Mgt avé ez_«s\ﬁﬁgurécpftgbfek&@ﬁméshﬂ% %gjfaah%gﬁt EBRED0. The

120’ according to the second enbodi nmen
fifles, 200 ¢amincinde agyishaps or Ziesigs ilaatrhelps tHidistarice ths adbacent cables 120

w18 chiBfAtk Il bl b il 3 GB1' R S iRMRetel! ' 9S-

[00110] For example, Fig. 7is a cro‘ss—s,'ectional view of longitudinally adjacent cables
120" according to the second embodiment of the invention. The cables 120’ shown in
Fig. 7 can be positioned similarly to the cables 120 shown in Figs. 6A-6D. Each of the
cables 120" includes the jacket 260 surrounding the filler 200', the filler divider 400, the
filler extensions 420, and the twisted pairs 240. The cables 120’ also include the ridges
180 formed along the jackets 260 by the filler extensions 420. The elevated ridges 180
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cabl es 120" includes the jacket 260 surrounding the
filler 200", the filler divider 400, the filler
we@xa0s/083i86hs 420, and the tw sted pairs 240. TheCTabioes034034
120" also include the ridges 180 forned al ong the
jackets 260 by the filler extensions 420. The el evated
ridges 180 -30-help to increase the distance between
the twisted pairs 240 of the adjacent cables 120
because the points of contact 140 between the cabl-es
hdlpQto iocmcaﬂe the distenaei bhyeecn1 86 tufistedh paicnBie of Ilm)adjacent cables 120
011 udes
bpeapriHeaniun of sadaet o0 bR e hE AP b A es et he Tidges 180 of the
1&smosectional areas of sone of the twisted pairs
240 The filler extensions 420 in Fig. 7 can function
Y 1@f gleh Cl$s |
OIS BB, BT AP TP PO RS {0 SRl P, it oxtend
bé}&ﬁld tae drdsmec&ﬁmiahg:eam szbimﬁ aﬁiheswtseid/mﬂ 240e Th/u Bll@dextensions
irs, 240 of t he cabl es ".oIn Fi , the di nce
4@@%@@ 7 Fﬁ% fynelpRy aw%%savagafi}sgu%%%awet fehgaa b e to prevent
%ﬁﬂ@ fw1§t@c? a(ﬁj‘é?ée% c'ﬁflescff@)t’ atd 1&@81&1% thcnﬂll'sfaﬂ&fsq)etween the
| st , IS approxi mat trme
twisedspms &ﬂOtdﬁeh@m’téwsHﬂﬁ l[reﬁg H, theddisthrcet lbﬂtwkﬂeﬁlg mﬁrest twisted

o AAESSs et 1 o 11D Sy B3y IR i ey e distance

(%)ewﬁi%ﬁ% gﬁ;ﬁ‘axﬁﬂatél? ewdi 't1§r§e§ RSeSsuR® Of thy&te@@l*éhf}‘&lél? @nd the thickness
shown i n Fi 7 can sel ectlveytgosmlont he tw st ed

op memscm%@thmabﬂeelmﬁt Thagldsesi gefiesence pamys 435 ofhtbe wdjpsent cables

RN Bt i R B Bl $2n TR bty B o m Fig. 7
chPSldctivelyl Sbsitfor the aWwisedd ﬁaﬁl@@lOQﬁfQﬁﬁe@ﬁﬂayq th/ineMyQdf the ways
the longitudinally adjacent cables 120 and the fillers

‘dizgussed gBpveg HAprordinglyn MMCS&ZOWQF@@ CaIIfH-"@ coafpeed fo gninimize

Fig. 8 are d| stanced by the helically
ﬁ%&%#ﬁgkh [ler 200"" in any of the ways di scussed

ERET el £ protarsfa Sinde-aitBondvicl o et Fighily Ffingent cables

190 AndrtHai fillef£260"0 iging HROArBEAEMeRt TV Lr4FYi ’ﬁhdﬂ&abﬂé%rlZO shown in Fig.
sel ective positioning of the twi st ed pairs 240.

8res distanensl bigthie rheh@llm tglstmgfﬂheh’éO Wil eestoithE My digeussed above in
4 and 24Qd can be independently tw sted at
%f‘l@%t %g 4ﬂ?ay Iengt hs. In Fig. 4A, the twisted pair

, 240a_and 240c,.have shorter |ay
| engths t SHEC lﬁ%ﬁ@%@%ﬁ&?ﬂ%ﬁﬁ‘g} hs of the tw sted
[60M13] 24 Qe apsérie cibié SédighRkibn? 48 minimize signal degradation by

providing for selective positioning of the twisted pairs 240. Referring again to Fig. 4A,

the twisted pairs 240a, 240b, 240c, and 240d can be independently twisted at dissimilar
lay lengths. In Fig. 4A, the twisted pair 240a and the twisted pair 240c have shorter lay
lengths than the longer lay lengths of the twisted pair 240b and the twisted pair 240d.

[00114] As mentioned above, crosstalk more readily affects the twisted pairs 240 with
long lay lengths because the conductors 300 of long lay length twisted pairs 240b, 240d

are oriented at relatively smaller angles from a parallel orientation. On the other hand,
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[00114] As nentioned above, crosstalk nore readily

affects the twisted pairs 240 with long | ay | engths
whewansssst he conductors 300 of |ong |ay | engt hremstoedo34034

pairs 240b, 240d are oriented at relatively smaller

angles froma parallel orientation. On the other hand,

-31-shorter lay length tw sted pairs 240a, 240c have

hi gher angl es of separation between their conductors

300, and are, therefore, farther from being parallel

sannen ley éen@dsf@eﬁtﬁd phiss 240ac 24ochaxe highet srgleoisspatation bstyeen their

st ed 40b .and.t w alr 4
fuRase, B0, g 0 BERH PRER BBY! paiehaBifL G Josp pusceptivie to
bt rvied l@iﬂnﬁec%@gﬁy, Wlkdedt;kaelsmomadnw:tva&teat b&iF 240d are more
m nd, the cables 120 can be configured to reduce alien

sgsm@blm te aygsstedlithenz prisciviisied @rist24he anddtwigied peiigdd0c. With these

| engt 0 115
o BRgeron Eniob. g Pt B0 o5 B4 iR o8B ek osstalk vy
m2Anedng iR dﬂSt&io@ﬂﬁﬁﬁedﬂ)th@ﬂBjngIl@ﬂleﬁghttwmcppa@?slleBb e240d.
t he Iargest flller extensi on 420a. For exanple, as

BULHS) | ThEidhe HiMedse p@id 2, 804 81aHechELdbla 140 bdrtie distanced

extension 420a is greater than the extenS|on | engt h
H}EBQSlmnmg thesn pesctionats & te2bgesByilloo skiensinn g OpheFor example, as

PR R R e bappl b P, FREE el Eilidn graper than he

kediont 168otR QEDS Sf @ifllef @Kﬁeﬁﬁbn 1400 t Bt pOeEcHin® ee/\BARel I}ﬁns 240b,
i |l er extensions 420a of the adjacent cables 120 w

%Odwma longgi lerieugths RrsEmaettoemeatiie s 118Rdangast filken @mnsmn 420a,
tfncy,my%#n%sd of g&{t%:tglél%g’xhatzé&qr Eh@ve@h rﬁ% fl\ﬁg g}?ttm dgl% llﬁﬂlggf the adjacent

alrs I one

dablx i 120t will provide hﬁk@l@fmfdléthrﬁ:é l&x\tveaismnloﬁg Qay tldmgm afBted pairs
the shorter |ay length tw sted pajrs, 240. Accordi ng I%/
4% ]F‘d%)ihqfe‘ﬁ‘gftiﬁ’ tbwlgtgéﬁlapfalw&th swisted @4@@4&%% Resitioned more
;g‘ ‘T e %ﬁeﬁﬁﬂ&r&%&gloﬁtﬂbtﬁ% 048 tthéjgho(f@pﬁ %tﬁ Qwisted pairs
y at |east tHe greatest avali e extension eng S
248l ) Acddrdimghyorife tpungalty dengindwistesl frerse240bs 240d lof blee cables 120 are

%ﬁ% |r2¥t1 etgpé‘ghp C%Miﬁtwrt] [l(rigff%q% ;&q%b@% Egg\gtg%%ﬁgg\lpqg extension lengths

Zs%ﬁ%hhgﬁﬁhof{ IaiGts Pend RO Wil 4 fﬂﬁhérye‘@)@djﬁ‘é@{i}fth refelence to the
cabl es 120" "according to the third enbodi nent of

dmbaelinenim showminAfigs 9409D9D, the twi sted adj acent

cabl es 120" include the long lay length twi sted pairs

[B0016] 2%(x. OAnr9Doshoed ctazs-Rectionhlz eictvseofiigitndidalde tadizeent cables
the long lay length tw sted pairs 240b, 240d. of the

Y acenrpingdBIthe thynshembedimepiaBi (b6 nvamionn o Figs| SR Hae twisted
%dgﬁc%{ntggab?(ﬁ 129" :fncqw?% n&%ﬁgnyg %ﬁqgn%ﬁ‘%\%jsté’& rsdQéﬁ)%' %%cﬁ?onflgured to

tw sted pairs
Iﬁéﬁlhmer Ghe distance between the long lay length twisted pairs 240b, 240d of the
adjacent cables 120”. The cables 120" each include the twisted pairs 240a, 240b, 240c,

240d with dissimilar lay lengths. The long lay length twisted pairs 240b, 240d are

positioned most proximate to the longest filler extension 420 of the filler 200" of each
cable 120", This configuration helps minimize alien crosstalk between the long lay

length twisted pairs 240b, 240d of the cables 120". Figs. 9A-9D show different cross-
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positioned nost proximate to the |ongest filler
extension 420 of the filler 200" of each cable 120".
wabios/oesssd | guration hel ps minimze alien crossPel/kS2004/034034
between the long lay length twi sted pairs 240b, 24Qd
of the cables 120". Figs. 9A-9D show different cross-
-32-sectional views of the tw sted adjacent cables
120" at different positions al ong t hei r | ongi tudinal |y
extend| ng lengths. [00117] Fi 9A | s
eqtional yistvsi enile Orisid Gidiaghnte afofhffevﬁnétl-'@@ltlons along their
confi gured to di stance the
lﬁgoﬁﬁaﬁﬁhﬁ%ﬁhﬁﬁﬁ}%%ms l ength twi st ed pai rs 240b, 24Cd.
t.he cabl e [e itioned
(BT Y v D FrrpEisectiah B0t b zantsRieipt ovistqagiciacent cables
128bt@fFi g2l tod Rark it E B kst QM*]@n@Pd&hex?étﬂ%rsteﬁ%ﬁu@@h% 240d. As
of contact 140 is forned between the cables
showen in &g HA,8be callas ¢20'barevpositionbd smh that tl’@xﬁldms&xmrsmns 420 of

0 cabl.e 120 re position
al&s?gﬁ%eé% vaef‘fedn 1168%% XP qs\ﬁmé’t 8 elbal Ig)d@fb& Wt 140 is
forsned Bt wadnie &dalleh hQOS ummfndége 1|89r16ééﬁ§d b&dleeh BR filler extensions
filler extensions 420 extend beyond

4€09-044s Siecqaplss ol 203 g pasitionns Mlgt 84, ,ﬂsﬁ distapa®betve4mdhe long lay

tdvﬁ &ﬁérg gggﬁ/ 04462 é%%@&?}ﬂ?ﬁ?d%%l)s’ggl Qt(zjtgte li]een.gﬁ]ascchgt he fi ? @er extensions

42®| dkiead bdydnd the ero:i;s Staivnel 4&0pf thertwhited p&s 2408 240d, indicated by

sest r eren pQi nts 425 of the adjacent cabl es
Sta“a‘ieé(g é‘ﬂ%f dafi%sfr't £o(Lthigkaessae af egh of fhecables 120", This sum is

n Fi P
bt R A e
adjetent cabrles H2(Fi gs selﬁaeat6®by [(ROdit@hcd-B¢. B cnbigsrationshewn in Fig.

o&25s: section Vi ew the&% sted adj acent cabl es
B en SOt thewevs Eitberes apove puretation to Figs.

6hoggi tudi nal |y adj acent cables 120". As the cables

120 rotate the filler extensions 420 move with the

g?} ' O.lfl bB ﬁiogvsar allretrhﬁogs déekt%na?)gi SrS tﬁ/%sgecf) adjacent cables

es 1 are ori ent gener
IZQeraﬂothBepemBm nlbag thel lergthent %Somtudﬂﬁlly aadjﬁeénttohBles 120", As

t.h ket 160 f d
A D &0 Bigcihe e GXeRHORTA0 BOVe it FToBRopndn Fig. OB, the
fiflblI Eﬁt@nﬁéﬁse ) Qﬂsthé?éableg_hﬁoa opt :HJ\EJH%E 1,38 octbs%wah géhe'r:élg/ upward.

| ps to reduce alien crosst I'n an
Bd¢maﬁ§eﬂll€a‘msmn 420| catisesrthe catife @;20" t@Aaeﬁ(EffseFCthe air pocket 160 is
exa as . di scyssep,ahoye, the air cket 160 hel p
r B e e OlER o L ht R ottt e lercdnaiane 420, The

! D45 3155070,k 05 L s O v
discussed above in relation to Figs. 6A-6D. For example, as discussed above, the air
pocket 160 helps to reduce alien crosstalk by maximizing the distance between the
twisted pairs 240 of the cables 120". The distance (S7) indicates the separation between
the nearest twisted pairs 240 of the cables 120". In Fig. 9B, the closest reference points

425 of the adjacent cables 120" are separated by the distance S7'.

[00119] Fig. 9C shows another cross-sectional view of the twisted adjacent cables

120" of Fig. 9A at a different position along the lengths of the longitudinally adjacent
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the nearest twi sted pairs 240 of the cables 120". In

Fig. 9B, the closest reference points 425 of the
w@adjoaoessss cabl es 120" are separated by the di SPENTS2004/034034

S7'. [00119] Fig. 9C shows anot her cross-sectional

view of the tw sted adjacent cables 120" of Fig. at a

different position along the | engths of the

| ongi tudi nally adjacent -33-cables 120". At this

the filler extensions 420 of the cables 120"

ol nt
Cg‘PlES 620"e relsanpint. fheditles sxtensioneA20 ohthe|cahlgs 120" aisrgiented away
| I n t4 el L.ti.oned -
AL LR, AP P TSRS YL ARG posionea
préwimbeng thayfillengidnsion 4$20ed Avabrdng$Ohe 134dapNdngt $Wisted pairs
orj ent art. short | ay Ien?th tw sted pairs ’

d a . Th
22408 i Alge odigrAd B¢ Thoghoriiay Tengsh MFEA DRt 3492 240c of each
t her [0 l
PR i B SN AP S e
lengtic twistetapdirs 24 0ay 84@d1erel motgps| sugcdpeibipt to trobsialkchspat lthe long lay

240b, 24Qd.  Therefore, the orientation of the cables )

lﬁ%g‘- f“élﬁfs%a}fﬁ '%E{n@_ 20459%- tefpis t Afythe abies 0" shown in
Fif)t ROTdckY o sl L GRalise @yt HEYigh. t .

a‘?ong tohe @wk@? g%"%gf’fgm?igﬂél&& ﬁ%?yeﬁﬁgﬁ%n%ﬁ? (g %gﬁlg?hgsdthey are
preriabesd BRAOE thedWisthe fails| 280. eQthensinbodinkd® afotht icgblee d20” include

furt her di.stapce e.short. | a ength tw sted pairs,
i attelsigs £DGoRBaTeAls TRCE stk e S liseh GG paizs 240,
Mmbe long lay length twisted pairs 240b, 24Qd are
naturally separated by the conponents of the cables

01 SREGIHca f I
0] e Sl oS Bigh ol i PEPOF, e 1081 108 viKjegas Baoe, 2400
agepav@atle seprattd by thayorhpognts ¢fivhe cebllepd20's S@ifical# Qe areas of

Ther ef or lien crosstalk is reduced .at
oo a At GRS AP s Dscot R GANCH A2 Belpyespare the long
1%4?6@5&? ewheddeens thgn) gggc:ll.l aYhérefgd hafi e %Ia&%tﬁﬁ(?hsre $educed at the

Ob,” 24Qd of "t he cabl 20" is indicate
canféguaaitan ¢fSdy cables H2Q" sloyn ithFig: 196k eThe distancebebveen the long lay

ol,nts 425 of e [,a t bl ,120" .are separat ed
T s 3edh o408 A0 088 Py g el RE R Boiflre 9. m
Fig. 08 tifdlbican@fervh@podits UDS of WesddpbeAddBERND0C 3R] @parated by the
120" at another position along the |l engths of the

distang? 88di nal | y adj acent cabl es 120". At the position
shown in Fig. 9D, the filler extensions 420 of both
[QHBIEs Hig09Daslwvor amntherderpss-tehtorsd miew atfethal twisted adjacent cables

Lyectign. The | o lay, | ength .tw sted. pgjrs,. 2400b, ;
190 e e onetGen Bbe i jengthy ob ey oRefisiilyt aticent caples 1207, At
tmpas%nddh%%ﬂﬁqzié.%; thé PiiSr BABATOR 499 ST ¥R EEEE B2 are oriented
in the same lateral direction. The long lay length twisted pairs 240b, 240d of each of the

cables 120" remain distanced apart by the distance (S9), thus minimizing the effects of
alien crosstalk between the long lay length twisted pairs 240b, 240d. Further, the
components of the cables 120", including the short lay length twisted pairs 240a, 240c of
one of the cables 120" helps separate the long lay lengfh twisted pairs 240b, 240d of the
cables 120". In Fig. 9D, the closest reference points 425 of the adjacent cables 120" are
separated by the distance S9'.
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alien crosstal k between the long lay length tw sted
pai rs 240b, 24CQd. Further, the conponents of the
W@ awbe$58320", including the short lay |ength tRBUSINN034034
pai rs 240a, 240c of one of the cables 120" hel ps
separate the long lay length twi sted pairs 240b, 24Qd
of the cables 120". In Fig. 9D, the closest reference
poi nts 425 of the adjacent cables 120" are separated
by the dis ance S9'. -34-G Capacitive Field Bal ance
[0012‘21 The? \?nF‘e@aE?lé§c‘?L20 can facilitate bal anced
It t
[?Smp?i*ed“’éﬁ.éfi@h%aﬁ?é 0 R A lsfoct Bl fCtielas about the
cronélllqﬂ@rsai(l@ obtheetivisiet vpeem 2400 A omenmtidned abomel,ucstpa&ﬁlve fields are

| 40. Furth
Bt e BrOad b e ShBaiinR a0b of adanicilse o bin AR, Furter
tﬁ@@xt@ﬁt bNapa¥itist MbRBACe 8&%@1{ th%%%dhasrs%os g %&agg pair 240

fromthe twi sted pair 240. If the capaC|t|ve
affigets ctbp queoﬁ@t@do&amethwetwlstb@mm:@zﬁ) tTh &haﬂ Guapa:mve fields of the

h | d d
B T b R
otit. aBRlaate of typieallg E@P&h@tb@ b§ 113&91n?rtﬁattth€ didi‘r?éi&a&otr g 3t8uctors 300

of the twisted pair 240 are uniform nmenti one
agdrthe &sulatore 388 sifetha pwistad paiz 340 aw suibunpaiAssmedibned tearlier, the

| t | o
F@B}?Q?‘ Brddhu al{s??‘.ba Yo e et el balance.
903 et Rt T %’?B%P 13 320 SHEc e camerifize felds of
tihd ebstiefors I:v,eocomly%%ﬁaﬁ%hﬁf be @ﬁé}(lhﬁ?e W%[)@k}ﬂamtwe field of the

wSlam tance, and ultimately the cCapacitive
copductars 30 eEfecte dhrioeardf Qalﬁgma@pommbdtlmata}y thieecdpatisive dalance, of

B EE cohe R0 bbupt@ines ki EE: 240, KRyt n 8. 44, e

caldparanelyyincltdes huebstofinigetiad fokigeHed Waiedd iRy arately affect
cpamtance within the tw sted pair 240. ThIS P

néi‘ﬂ lpted F@Fﬁuoé‘%irfétq()t%ﬁéfé@ncq Witsincthe awxswg et 240 Thls creates two
| it
B A il s P SRABAE B WS kS b arok bl B bty of

three wilstetingrit 240 rorsefaadcaloidi® s@iedss résallingt il ﬂlcfréﬁéﬂ %Blse levels
pair 240. The insulator 320, th

jve transmttin
fﬁ?qc 141ng, frogoan pefeve; %grlégpﬂ%@mra%‘bo t Hheginpulgjor fﬁzﬁ ﬂh?eflller 200, the
| I C | Of th
st L DR B B e o
twntcldupﬁarsn%(&r |’Hiescabﬂmt12(iedap bd oomfigieed iy itid108d anédds that help

effects, ﬁntal the integrity of the
miigies B AMBAIFIag GHENS DY GHuBiRP fgriecerity of the high-speed
dath 5AHRT%hE Reducing signal attenuation.

1. Consistent Dielectric Materials
[00124] The cable 120 can minimize capacitive unbalance by using materials with
consistent dielectric properties, such as consistent dielectric constants. The materials
used for the jacket 260, the filler 200, and the insulators 320 can be selected such that
their dielectric constants are approximately the same or at least relatively close to each

other. Preferably, the jacket 260, the filler 200, and the insulators 320 should not vary
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1. Consistent Dielectric Materials [00124] The cabl e
120 can m nim ze capacitive unbal ance by using
worios/imss Wit h consi stent dielectric propertiBST/US04034034
as consistent dielectric constants. The materials used
for the jacket 260, the filler 200, and the insulators
320 can be selected such that their dielectric
constants are approxi mtely the sane or at | east
relatively close to each other. Preferably, the jacket
tegond eheerfainl veratzoolimind Wiea ihasmhigrials of Fheses arapanentst comprise

a.certain va Wen the . . .
drdpraratly e St PhA R bRt e, fefimizing noise
afehittiont REhélbMinhint-GRRaEH-fgede sigthalinBgetyl SId Qekeesmbodiments, the
t her eby maxim zi n%lnm se attenuation to hel p maintain

i

digletirie senstanti ofrihe Tiller 800 thy jadkat 3efiveand i dsaters320r #re all within
di el ect | 200, the jacket 260,
SR RS RO ol i1 "o

ST 1 Ry" AR Hacdine W20 sShdein, HEfeEfEL prbertes. the cable 120

rﬁﬁxﬁﬁl‘%'éi bfshcitivB anBARAR bYlinithiti 1?1§§thﬁﬁﬁa9 bé Etfhed by materials with
unbal ance by elim nati ng bi as that may f ormed

different diklectrictdonstiants ppeifionadl eligealy pbow @lirrsttwaﬁf:@ pair 248 especially in

ostloned uni about i etvvls d Lr

BT 5 AT hnBRRE b8 SePbalod Bidnefiitfh data signals. For
esdaﬁlbiés Guathirelvibigd rplaﬁ hZ4Si?1@EQe§i alé cohditedrs 3060TA first conductors
exanple, a partlcul ar tw sted&%glr 24 includes two

raan He @Psifignahproximate it thecisaks AbowBilerdhe sseonsbeondugiveds positioned

ﬂ%}? gr%age?{oetg%gdltep?%dx ?énéﬁteql.fegltl%%ls ?11‘ tr&%n&lgzgﬁﬂs% (ﬁ)o&%g& 19 fields may

e@@@ﬁ@ﬂ:@ efibre \eapaditvel inflaénce distil Clicdmose PRimtAP farked 260 than from the
fields may experience nore capacitive influence from
1@%@%%% ﬁélﬂ RE9-e Tjhséwndzmdwah 300 afrﬁym?emoaesélased by the filler

irggﬁéh‘glgg dJ aﬁk&r e f‘?ﬁ % %O%‘g?ﬂl acﬁﬁgg&% gf jt ac‘%et %8%9300 do riot

cAncdl enels otiter otuh eandrihe uq)ablta/sdssldn‘ of the teimetliptio 240 aBDunbalanced.
o riot canc eac

yrihegy 2 gpately sgaﬁtg Fg&/egrg{qeocgﬂectgp got ne Cgﬂ?@é hatcli(é:/te%o and the filler
Jor e rLlﬂd@SlﬁBﬁﬁfrﬁfeaQé SRALASNarRE LoFeRR thileed bk ©abr 't}féreby causing

~‘constants of the jacket 260 and the filler 200 w I
sigraid degratition. ritireeceble 1 2Hecanriiiairedho bias lefferonces ick. ptac icapacitive

q.pi)ﬁlam:% %lglixzfq%gtﬁﬁpgaol %gpg}grgxétscgg]]eclstglg co%rsﬁhgnté: iaor e Hédator 320,

tR8 PGt DO® W%@?E&et t;mo ut Uohgé%aentmat ki @pacitivé Mields about the
consi stent’ dielecfric constants for the i nsul ator_ 320,

aoméudtprs| 30 26 dettemblanised jand kesultds Gmponé aqisevangellations along the,
IBRRARE e hroe PAEG PR k6 S8 nci o cancel  ations.

[%l()%]é% fin some embodiments, the jacket 260 may include an inner jacket and an outer
jacket with dissimilar dielectric properties. In some embodiments, a dielectric of the
inner jacket, said filler 200, and said insulator 320 are all within approximately one
dielectric constant (1) of each other. In some embodiments, a dielectric of the outer
jacket is not within approximately one dielectric constant of said insulator 320. In some

embodiments, there is no material within a predefined dimension from the center of the
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| ength of each twisted pair within the cable 120.
[00126] I n sone enbodi nents, the jacket 260 may
w0 p@b0dBsan i nner jacket and an outer jacket wWeTUS2004/034034
dissimlar dielectric properties. In sone enbodi nents,
a dielectric of the inner jacket, said filler 200, and
said insulator 320 are all within approximtely one
di el ectric constant (1) of each other. In sone
enbodi nents, a dielectric of the outer jacket is not
conduitor &Qﬁ)mdtﬁ ara:tidbgtrio reongtang| et vamescmost then afpredindtely plus or

I, | t 320. - t th [ S.
thiEbe PR Ag§ER RomREH BBt TR U B REPURT S ohs Malaigi20, Tn some
effbollifen$tn& ﬁfé@Hﬁﬁ&f digf3fsivh i ?adﬂlseéf%bfdx@mﬁ@ﬁfs@ 858 1nnches (0.635

that varies nore than approxi mately plus or m'nus

gl ectric constant fromthe dielectric constant of
the insulator 320. In sone enbodi nents, the predefined
di'mension 3.s a AthIlimnMatRmproxi matel y 0. 025 inches

5 . 2. Ar Mnimzati 0 Because air is
OO o) Bt aid tecPiendy ancar Sy LD SR onaent dirlpnt than the
ntisrﬂﬂ*eﬁmt . imeHbed %at@t?a@ orfthd |a8ket 260, Ri@hIeaI20 c%h fﬁ(ﬁﬁtate a balance
j acket 260, the cable 120 can facilitate a bal ance of

of ttlee twisted @dirfsa?40 evezalbcapacitiat Iflekbﬁafammmezmg dedmndunt of air about

m nim zi ng t agpunt  of abou st ed, pair .
158, S IeEL Bl 25, TR Henboe Bt i Bl ciuso LRy SR or otherwise
rﬁ’imm%ﬂle@éﬁ ol thk Tdlet DOO freiRe &dbld bﬁ) fFJ)ﬂ &ardf) ab @lscussed above

the cable 120. For exanple, as discussed above in

in s¢latiorote ¥ig. fAgthesmea t)fh@e 4illss eiensipes 420 aud /osthecfilleratiiders 400

népbﬁgh%éa%dt !AGS sfhggn VAL/Q Ctha ﬁ%? em%}‘mﬁgs ﬁ% g Se(%lgle 120 are

f||1er ensi ons

expirided 160 aad ethexjaam e%(l Qvaihtrehdte the Ceds-sa@bnab area of the filler
i ncrease_the cross-sectional area of the filler

egiensious 644 420. [00128] Further, as discussed above in
relation to Fig. 4A the filler 200, includi n.? the .
[091284; Huheseasdisopsedaboyvh én falatioartodig.cifsitba §llan?0, érphnding the

{1%‘5 lé]#‘\ggerggzg)r: % 4@1%6 eé-reefte;}fsi(r):ng %r%ﬁz Iaz(}:]n;?ranmdj c%g% §§?pﬁd to fittingly

actem@abhte the Awidied @aidd 240,0thetbby eBirigizihg) thod BPaces 1n the cable 120
enbodi nents, the filler 200, including the fille
vehere ridi spEldaresidgnd I et embedigentsy éh% fillsn, 200ncneludisg the filler

e&%\t{%ﬂs ?&9 and sHena: gﬁ\ra QY5Bp! fh%l e%'géss sl?ai&d to house the

|scusse ove I'h re |on
tiviseed pditsed40e Fuethst, @8 disé@dedralyovieria |r¢ld@orctd Mgdtmuf!he filler extensions
edges configured to fittingly nest with the jacket
428omay include curved outer edges configured to fittingly nest w1th the jacket 260,
thereby displacing air from between the filler extensions 420 and the jacket 260 when the

jacket 260 is snugly or tightly fitted around the filler extensions 420.

[00129] The reduction in the voids of cable 120 selectively receiving a gas such as air
proximate to the twisted pair 240 helps minimize the materials with disparate dielectric
- constants. As a result, the unbalance of the twisted pair’s 240 capacitive fields is
minimized because biases toward uniquely positioned materials are prevented or at least
attenuated. The overall effect is a decrease in the effects of noise emitted from the

twisted pair 240. In some embodiments, the voids able to hold a gas such as air within
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thereby displacing air frombetween the filler
extensi ons 420 and the jacket 260 when the jacket 260

WO 3008048354 or tightly fitted around the fill erPCT/US2004/034034
extensi ons 420. [00129] The reduction in the voids of
cabl e 120 selectively receiving a gas such as air
proximate to the twisted pair 240 hel ps m nim ze the
materials with disparate dielectric constants As a
result, the unbal ance of the twi sted pair's 240
thﬂapmss-sttomenah ated sofi thentwisted peid 246c makes bpalses thanwampredetermined

t d t ted
syt St e GO dr e 1B REBE P20 5 A ape fsion housing the
t&vﬁ%deﬁaﬁreﬁ(ﬁ Bf soifd GBbRIFnkASthé 'g@énv’itﬁﬁl ﬂn‘é"v@k@%ﬁl@s fup less than the
I'n 'sone enbodi nents, the voids able to hold a gas

pmabwrmmeé amgunhiof {187 -oross-seetinnel swen i afndhe anablae df20t heln some

cioitenst o a7l Df Ee PunEife, a3 2o HER, He U pxsprermined

aB&fnOof Othet RBIUNRYIPNtHBOUSH]1O 120N @vEM S ipeslicBiabd did@ncd. N In some
sone enbodi nents, the gas within the voids nakes up

embedimenim theetearined #neE inieb PAICERE t he
cross-sectional area of the cable 120. In sone
[@0#308i nBniisqiting theavoidsranddhe gamsw)ndiuhg]amhmtcﬁ lal gas §@& dsxiir within

G oD ke BT e Retkel MRl dRe |3 EOFaf has improved

pRABREHNEEN tThe ié]@ctﬁ&@gﬁiu@ i) tﬂﬁﬁe@ﬁﬁk@"%@ rel 1 RAdPRIFLHnsistent. As
[00130] By limting the voids and the correspondi ng

desnesad above, Huis helish redsica the vilaise mitied dedsh ethe2@visted pairs 240.
Oﬁg‘?c’%‘f,‘é %‘ E@gd?dﬁ ggtge e{@gr{t aCtglrl]rgge ?r'cinﬁ%ﬁ?tohlgﬁ-speed data

s?m]@t ed pairs 240 are nade nore consistent. As
I scussed above, this hel ps reduce the noise emtted

[be1y t he tvm(ﬁtsﬁs!wpaa rc%os%%@euo@@mwem ), exddSpl6atY @R alternative
120 are better able to accurately transmt high-speed

ethbodinging nbh sablp 486’31 [Theicgple 1®0’§ hﬁﬁg d0shows agakei 2044 even more
g o BT B Mg 6L TR EAE TBE R 2 e e

2869’ can BéCtteaDUhE Y E3bld |1v@'edn arxauﬁ&rtd'fahfwteﬁt e@hﬁ urations that
pairs 240. The cable 120'" illustrates that the | et

helpomininige the veids aklg taretaing seheuch B lair witlgn the ¢pble

of different configurations that help mninmze the
voi d¥L.abl dmmdaaceaUnifarlQﬁB such as air within the

IFERRE i She Forb it TRBOARE G B i e R ELARtLR gpugeed above
alloSledhses BdirAkiAMEBe integrity of propagating signals by minimizing the impedance
variations along the length of the cable 120. Spécifically, the cable 120 can be
configured such that its components are generally fixed in position within the jacket 260.
The components within the jacket 260 can be generally fixed by reducing the amount of
air within the jacket 260 in any of the ways discussed above. Specifically, the twisted
pairs 240 can be generally fixed in position with respect to one another. In some
embodiments, the jacket 260 fits over the twisted pairs 240 in such a manner that it fixes
the twisted pairs 240 in position. Typically, a compression fit is used, although it is not

required. In other embodiments, a further material such as an adhesive may be used. In
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al so helps maintain the integrity of propagating
signals by mnimzing the i npedance vari ations al ong
wo b@sloessgt h of the cable 120. Specifically, theCcTabioed/034034
120 can be configured such that its conponents are
generally fixed in position within the jacket 260. The
conponents within the jacket 260 can be generally
fixed by reducing the anmount of air within the jacket
260 in any s di scussed above. Specifically,
Yeh ethﬁwp@b@@n]@atsf thezfxl 1 280 ineondigheadp Ibpl gotethliyrfix the twisted pairs

S0P y SRk APRLASL ! ReiRBuf e cabe 120,

including 2Orwisted pﬁhs Zi0OyaRTEinly figed in pdsitioaswih feshidt $§ 66k another.
pairs 240 in position. Typically, a conpression fit is

[06E38] afthbewsb 1'20 b% hAog TBQH! ﬁ’}@f‘éﬁcaﬂ éha?éclﬂﬁ{st%% is able to minimize

enbodi nents, a further rraterla such as an adHesiVv
impgddpee (yewetionsn As3@sgpgsedothiowe, amytoheingeeint the phyﬁczﬂldhhﬂbtenstws or

IS nf | edt I ener al fix the tw st
1ol oG8 A Grits 0% RSl el i e mmsdface vriation.
Beaguge0thig Ogudid 920f caahmcrab! ﬁx@dzghydléh@ Aeibagks! g tc%lét B8 can be
pairs 240, are firmly fixed in position W th respect

TRy atedrfog- h@hca{mwg@]d withow dptreducing, signifiteant impedange deviations

T L L N LT —

wﬂfhohh anpdiieinga hagiddud cingyedaideC SeRstidR] ahdladisg Ociuﬂd}emanufacture
tw sted pairs 240 is likely to result in an unvvante

t?%?ﬁéd%l@svbl?tﬂ% PoReduBes: afiseoreinglye Hi eablo tryclangthrad| theleable 120
C&%)réig S:B?rg%éﬁ a’i@@ itHab 'bhéqu ?t?& hﬁwfo%? %‘nl}gcg%n‘%ou A Ble physical distances

betvieendhe ltwgtesll pmrsf 140a0tt thler‘qabléamdcd @6t ehdn@dSmbrdt Batk Repredefined
cabl e 120. ti(gléqq nbe helically tw sted

AUBE CVER #idl eﬁ% A 1A isallyisisds 19 PRTP® BEbPghents, the predefined
aﬂﬁuﬁﬁfﬁ%?ﬁrokﬂﬂaﬁé’@% ﬂ@f{ésgbu@m 1 ncl udi ng during

manuf acture, testing, Installation procedures.

@(F d' ﬂ% g% e%ﬁgl ﬁ@?&lﬁggﬂﬁ}é:gnm&g é’?sftlaé hf (e cga:!;;g ilﬁpheﬁp o reduce

aHﬂhmanﬁne $0 sighal mﬂmioﬁabecﬁﬁusé RSC signdlatiengh it Reflected at any point

wi sted pairs 240 of the cable 120 do not change nore
%Hfaned? iﬁ? VR alpng the pable L0 nThus. theecablen) 29 cppbiguzations facilitate

ko 10 S A RO s B 5 cone

t¢ Ueydydicallvhagetesistidslof theombledl 20hyvet italengthar act eri sti cs
of the cable 120 help to reduce attenuation due to

[801358| Fatheeahhtensls hagabupefitiabsndsdd@iRtent erﬁi@gi&]i)ﬂoﬁemes are used
refl ected. at ang@lpm nt of inpedance variation a

aboie thesprductays 39, i helprainimise dmpedanse rvﬁngtmmvanshe length of the
c%llﬁg 'hl|2g)ltog}égy d\ﬂf‘xaﬁ&r?% gf’@mgﬂ dartnt%frl])l[l{r%g Izol?né Ioger} its Eenvth will

enhance any existing capacitive unbalance of the twisted pair 240 The use of consistent
dielectric materials reduces any capacitive biases within the twisted pairs 24.
Consequently, any physical variation will enhance only minimized capacitive biases.
Therefore, by using materials with consistent dielectrics proximate to the conductors 300,

the effects of any physical variation in the cable 120 are minimized.
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to the physical characteristics of the cable 120 over

its length. [00135] Further, materials with benefici al
w@ar@s0essi st ent dielectric properties are usedPebus1004/034034

the conductors 300 to help minimze inpedance

vari ations over the length of the cable 120. Any

variation in physical attributes of the cable 120 over

its length will enhance any existing capacitive

unbal ance of the tw sted pair 240. The use of

consikt ent Cable/laytkéngthhiwitatipns r educes any capacitive

bi ases within the twi sted pairs 24. Consequently, any:

[pB336]cal Theapraatitooablésl 2@ rdaanbe configured ntoniedeck alien crosstalk by

capaci tive biases. Therefore, by using materials wt
TRBHRIZiNS: HIe RMCHTTERGSs | PGk CHRSE O VELDPIRE Rebweric edacent Gables 120.

&en&laﬁecﬁﬁf)@@ %a&fllela&é)spgyﬁl fﬁhtéalgf{tiv@éﬂ B fvﬂsgeﬁ%alrs 240 of the

are mnimze Lay Len
ddgmniad;abdmslme%ilgﬂilfnearprwsmet ofcaiehazosAlk aah1ghespeed data rates.

e Beiatopcofh Eredr GRuSd Date H b urth i erbei e miler lay longths
R AFRBA ﬁﬁ@i&sotﬁgp TS o2 0 ARd Eﬁgﬁé’lecropsa&aér Oﬁdo?ts %etween the

Cross-over points between the tw Sted pairs
aal@qcamembl@a&%sthﬂ@blﬁselw samgbefivisied aalissoeilaf aml/oremarying lay

Gttt s AtnThe Gk L08R R Lo Bl e 30 BB o e s pns 240

¢ cﬁéﬂgeh%céﬂmé onaé tﬁ\»‘insﬁﬁg oddhaeHN 100 adehrathel. ad]_éﬁent cables
mnimze the parallel cross-over points between the

128) earehe helibtlbs taidpd athdisymmlaeoverall eable B0 tlay Jergthsain order to

G e QPP Rk 28] By L5 o v

lengthd @fcth@alvfst‘ed%ﬁs all@oﬂzktgdftgﬁdca@mqadl ng to the
tw sting of the cable 120. Therefore, the adjacent

[9@13’795 £3p eﬁ&ﬁgl@engeh'lAaéHonst M %ﬁl@fjreﬁtcrgés%\%bﬁ%ﬂa?rwew of adjacent
overal | cable | engths in order

c@blep e1r2@nlt a@pedmm ¢o ﬂ@ythirérfgmhoshmtntt digthe \mmmdn pdihesadpgent cables

oy 35 18 S0 ok AL AR, . o

tRXAED bEir 240 havidglarShoiE pREdeENE@N YL EneOS Ashideh Qﬁ‘a’i'nmther of the
vi ew of ad] acent cabl es 120-1 according to the third

cahlss dPAdnhoym in fég.i Idvehasihean sulected }ca@zemer@llab@lwl fvpigting, the lay
@%M‘og% &bv :ME 4(')dc?f tﬁ? ?WB Wal?lgg i%@"i' t}% s%g}? %gen the cables

‘each tw's ha‘?/

120i-1 iagd ppglﬁdﬁd B@dcdn&)to|cﬂlﬂgﬁﬂbtheﬁspatla‘llémcmb@bvdiep&ﬂ@rwould exist
of the cables 120-1 shown in Fig. 11A has been

betiugeaiche gorresnondingdivatted pairs 244 S thiesebleg 1201le elgaythe twisted pairs
ﬂfgg%ﬁ%ﬁclﬂgft th@ atid ﬂ(&ﬂ ﬁ‘ﬁ% ﬁ%agglgcl\xg%e& Eﬁrstm lﬁl%gél?a%ly enhance the

are the sane
effects of alien crosstalk between the cables 120-1, especially as the cables 120-1 are

susceptible to nesting.

[00138] However, the lay lengths of the respective twisted pairs 240 of the cables 120-
1 can be made dissimilar from each other at any cross-sectional point along a predefined
length of the cables 120-1. By applying different overall torsional twist rates to each of
the cables 120-1, the cables 120-1 become different, 'and the initial lay lengths of their

respective twisted pairs 240 are changed to resultant lay lengths.
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120-1 are positioned adjacent to one another, parallel
cross-over points would exi st between the
wa@eoosessendi ng twi sted pairs 240 of the cabl esPAQROSH)4/034034
e.g., the twisted pairs 24Qd of each of the cables
120-1. The parallel tw sted pairs 240 undesirably
enhance the effects of alien crosstal k between the
cabl es 120-1, especially as the cables 120-1 are
susceptible to nesting. [00138] However, the |ay
0at3]hs Fof ekmapieeFize diBwshowsiasteathrgal cros@ddtiofialt Hew of the cables

b 1 b i ssiilar f h ot he
G- Fier SLa at6E g hare pom it S g ergr oolsraih Bst ivge ne of the
st d8at18PL1 85 1 1€ Qo reﬁ)freﬁﬁ@'ay 'tﬁbgczﬂaﬂéc fign @”tw}ﬁlé%é‘lolther dlssnmlarly

torsional twst rates to each of the cables 120-1
twadid satle0120has oow wtifdrad toras, tharozdblch@OrH t Thd cdttzig/ 120 1’ and the

%ﬁ%ﬁg@dl’f fgf trrgg’t geﬁffs f %QI l?rv gt']:}a]lr Sie tgcakngﬁ%]f%éj:ng%%% and the different

R¥AARt Bry 1EAhs bF Befilie c@ﬂa @m‘,t@d gﬁﬁ‘s 2 TOREY LT QQ@JI’ includes the
vi ew of "'the cables 12 Fig. after they have been

mmtsd odira 2404 ﬂé@‘én%@ﬁ/,eﬁﬁld' (@Qiuegtwﬂlm“é@ tvOstedopaitshz40™), which

{pitsed Bk AP Prchide el el BvFlepEs. o stplg dpPalsCinctudes the

thdfled phiss THON" [ BH0BI I R0cT, 0408" (cOBeckiRblye tHe?vidted pdife240") with their
cabl e 120 1' and the cable 120-1" are now

dffereat wavitant day Isyethhei r different cable lay | engths

and the different resultant lay |engths of their

[ﬂﬁt‘}ﬂict iThe effinits tof thepaieradl Mﬂingﬁfehd:mbﬂﬁ 12291- dan be further explained

includes the.tw ste airs 240a',, 240

e ST R R IeT o Sopa Faosgemt. e b s eyt ay
ith$ o 2 twiisted welies AR inieab @@ hid afthed, 3¥ay B@gﬁﬂﬁmmﬂﬂﬁy obtained by
abl e 120-1" includes the twisted pairs 24

tﬁatﬁ@llowmgc_fﬁrm‘(léowh@@ T vispigsenth thet o ginad dwiried Baip 240 tay length, and
Voot i f sultant lay |engths. [00140
Tt Lesh B S ok ho of the chibles

rall tw sting of the cables

120 1 can be further explained by way of nuneri cal

exanpl es. I'n sone enbodi nEhs adj usted, or

resul tant, lay lengths of thelPwikked pairs 240,

measured in inches, may be appfoxijmately obtained by

the foll ow ng forrrul a, where "Z" represents the

[tﬂﬂllngl]n alAssums ttleat apfiist oR&e clablyzs Ileﬂ-gt 1hclud€E1theLtw1sted pair 240a with a

resents. the c 12

pre efined lay length ota 8 38 1nc%es (7. 6? mm), The tw1sted pa1r 240c with a predefined
. lay length of 0.40 inches (10.16 mm), the twisted pair 240b with a predefined lay length

of 0.50 inches (12.70 mm), and the twisted pair 240d with a predefined lay length of 0.60

inches (15.24 mm). If the first cable 120-1 is twisted at an overall cable lay length of

4.00 inches to become the cable 120-1’, the predefined lay lengths of the twisted pairs -

240 are tightened as follows: the resultant lay length of the twisted pair 240a’ becomes

approximately 0.279 inches (7.087 mm), the resultant lay length of the twisted pair 240¢’

becomes approximately 0.364 inches (9.246), the resultant lay length of the twisted pair

240b’ becomes approximately 0.444 inches (11.278 mm), and the resultant lay length of

the twisted pair 240d’ becomes approximately 0.522 inches (13.259 mm).
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[00141] Assune that a first of the cables 120-1
includes the twisted pair 240a with a predefined |ay

wo eovgiolssef 0. 30 inches (7.62 mm), the tw sted pei/USR40a34034
with a predefined lay length of 0.40 inches (10.16
mm), the twisted pair 240b wth a predefined | ay
l ength of 0.50 inches (12.70 mm), and the tw sted pair
24Qd with a predefined lay | ength of 0.60 inches
(15.24 mm. If the first cable 120-1 is twisted at an
‘overal | cdbl e MinimunyCablsfLay Variatiemes to becone the

AR 0 e SR, KOS IS, B, co e e

1dnd6mly 8Nhon-sshdoeilgah digéintifae Idylesgthsl 4pdithe 24Q@ionDEIQEES their lay
approxi mately 0.279 inches (7.087 nm, the resultant

langihs | esp geh lighited Huithing coriain pages iy oeder fa dBipimize the occurrences of

P@gﬁgﬁ#@?h% gw{g%%ggdhé% %ﬁlgiet’?‘et\&gﬁ&@cabfeg §20€ Slﬂl thg .rég(al%@?éyabove in

beconmes appr oxi e

whichAHe first bealsle (1 20-12¢ Bwizteld, at a il lehgth o€ 4100tiacHes |(8Y1.6 efig) 80 become
of the twi sted pair 240d" becones agr oxi mately 0.522
therfahles 2011, ansasljsaent secand qablad 20-kGan be bristeda) a\%ﬁ%ltlar@rverall lay
' . € |
G548 Y8 RS RSB0 s RO AT ) so it e
rasohtant dndlengths af itsltwesiedipans 24@yark apgtoesclosand bedrening parallel to the

variatjop between their Jay lengths can be linmted
tWtFﬂiPﬁ“%g‘?(?a‘?f\rAFﬁ? ﬁﬁg%ib@ﬁ'or der to mnimze the
occurrences of parallel respective tw sted gai rs 240

[ A3k e Fartrxapist, die 3opond cable HA0dxdiopineinaigy & 14 pantbedtvisted at a
| ' | | h, @faq ;
4y b 11,05 i G oD (SR o oL BigUsD L, Sl n 762

) @bkriny $epdnfbrahd babld 200-1" ahs rdseltntilst g of the cable’s 120-1"

di ssimlar overal| |ay | h that i es at |east , "

O RART BRI tf\er’fJeHan@oS?ﬁ% ﬁ@éi i@ﬁ%ﬂﬁ% {08 the rdted meir 240a",

01383 ¥R 8 O/ min®eE B8 tRistdd phifd WORY A4 RAInkRes40. '89? for the twisted
not too close to becomng parallel to the twiste

ppiai2d8b”240d'0.500 inkbesc@dBl7emi®(ol the {wisitd PpirF2HOdEX &irphter variations

th d |l e, 120-1 sh in Fig. Ltwisted,
oo S ooy lsreds o “riket S 220K P T bl i dncressed
dﬁﬁ?{hﬁﬁl}fzgeﬁéen e %Rlee%%é- ?ﬂhe (cBﬁea%dﬂ'ﬂ?ntg%gﬂe%ti{/@Vwisted pairs 240,

| ength Tor the ca the resul tant | ay | engths .

240" oftibe eatthesel 20-1'2820t1".t wi st ed pairs become the
followi ng: 0.273 inches (6.934 nm for the tw sted
[G04i44] 248edordifgB5 el atjivest (HlREROFNYhdvar it Fig, 1hhsheuld be twisted

obiue 13 lshghis o 56 FBG QOITHAn ] 3B OILFICS PURTSHSGERLpalaY lengtts
SPAES 1 PR R Sy Bl i, By havig
cable lgakeadths that vary at least by a minimum variation, the corresponding twisted
pairs 240 are configured to be non-parallel or to not come within a certain range of
becoming parallel. As a result, alien crosstalk between the cables 120 is minimized
because the corresponding twisted pairs 240 have dissimilar resultant lay lengths, while
the corresponding twisted pairs 240 are maintained to not be too close to a parallel lay

situation. In some embodiments, the cable lay lengths of the adjacent cables 120 vary no

less than a predetermined amount of one another. In some embodiments, the adjacent
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dissimlarity between the lay |engths of the

correspondi ng respective twisted pairs 240", 240" of
WO b@soaisbes 120-1', 120-1". [00144] Accordi ngl BCT/URE04/034034

adj acent cables 120-1 shown in Fig. A should be

tw sted at unique lay lengths that are not too simlar

to each other's average cable lay |l engths al ong at

| east a predefined distance, such as a ten nmeter cable

120 section. By having cable lay | engths that vary at
catdess 120 pave inidividushoablei layilorgths Heat very ae pessdham the predetermined

tw sted pairs are confl u be .non al |

ikt oD Ry ot s BB g b7 i ARG fong ke teast
pRAAERhdEdistanse F desrdlly longdubiRall¢ EeRdiag kedhWIE RokhB@mbodiments,
cables 120 is mnim zed because the correspondi ng

thmpsqdé@rrpmeﬁsarzq@thav appipxistately aplug eyt teppercent. In some

ndi. n rs 240 are
PR s el R0 B agg@x?%ﬁ”ﬁéﬁ G oy
situation ne enb cablela | engt hs
olf ;JheI adjzacenﬁ%’ﬂm“é‘%%ﬁ%va 1PBss thanya °
[0014SPt €THE dtpstenn®bs 120, QdR a8 ARt daBles 120-1501MB-1" shown in Fig. 11B,

enbodi nents, the adj acent -42-cables 120 have
Cathbg wréxgaredctamlmﬂy ailélm gtqsstam hawmg/urnquer eahie {aydangths that do

%2 Bgﬂo?{dee{ e NG “ﬁn% al'e u?[[q e 3§y lglrlg?gﬁh% Vaﬁg{lgrggetween the lay

lemg&ﬂ&ff Itheddﬂbéﬁt aables 02094 r0al ", yhd ﬂ(ﬁlﬁbél’d&‘ Bﬂdlhg respective twisted
ext endi ng?sectl on. I n sone enbodl ment s,

PRt ofr the Aelesaiiliht 12& 1 5e8-ofke fristad paiy %@bopf thereable 120-1' and
oy AP OO0 e 1SN
phm.}lel\/dm@har@mrﬂ@@ﬁé&dblél’ by adipiceimicpblass Gesdtaahlagdength of

t he .cabl es 5 Fig, HB, can be
ﬂteonlffta‘E 01 o sbged Hggn%ggieawn@yanpawmwly equal to the
ré4QitsH Gaf qa'lg%sl 8y tﬂeewé"fm@)hakwﬂ%dn}?&rsvﬂ%”b§¥(§ﬁ"d 280c". The lay

certaln maxi num vari ati on ing the variation
lemgthnlmsitatidres daa)bel enfgiedsb thdlteeaahi Joéctlmtwwadlpmr 240014l lengths of

tig 3ol 1201 Sl ioSRbieREL 85 Bk SRE patf 24t RSl dine cabie
141" aeélrgbcrosstsebh&lacr ?Qin@ aﬂo%01ﬂe lo%@ﬁuchﬁﬁ atx\efs of af¢ daBlek 120-1, 120-

240d" of the cable are prevented from becom ng
l4pproximately parallel. In other words, the cable |ay
variation limt prevents the resultant lay | ength of

[@0id6} wi Biusdthp dinrit SutdXinofm chide tptasiati@dkdeps fiomdjacent cables’ 120

n}%gﬁam nglbs?gcf {q:g&( iggﬁtlel @g&u aijrqqth%gjgyggg Efg}s}%léltcgdfég!ogg of the adjacent
cAst8d120 %élgctw:lst@ﬁ‘)o t@ﬁtlk%@ﬂfpﬁreﬁ'tmtﬁ@f\ﬂllgﬂ%tecm%er calille 120, then

configured so that eac he tw sted pair
npengiréeponding twisted pairs 240 of the adjacent cables 120 may become

approximately parallel, which would undesirably increase the effects of alien crosstalk

between the adjacent cables 120.

[00147] In the example given above in which the cable 120-1' included an overall
cable lay length of 4.00 inches (101.6 mm), the cable 120-1" would be twisted too tightly
if it were helically twisted at a cable lay length of approximately 1.71 inches (43.434
mm). Ata 1.71 inch (43.434 mm) lay leﬁgth, the resultant lay lengths of the cable’s 120-
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the cable 120-1" equal no nore than one of the tw sted

pair 240" lay lengths of the cable 120-1" at any
w@e@s®4mecti onal point along the | ongitudi nal BXEESIN/034034

the cables 120-1', 120- 1". [00146] Thus, the limt on

maxi mum cabl e lay variati on keeps the adjacent cables’

120 individual twi sted pair 240 lay I engths from

varying too much. |If one of the adjacent cables 120

were twi sted too tightly conpared to the twist rate of

ahovised paab QéO’iﬁ@,omehbquhbw-img) 10r25S poetes @47 Wish efdr the twisted pair

AR on iR g PR D ToC eI TRt A< PR fgehes (7.290 mm) fo

c ec al C19398 b n "
ULE98R bl ASR Pl hpRs R R SE R i 200

alithoegh thewdablsl’ 12@154B0-4" re0esponding|twiktet pmrsoW,aMO” now have a

cabl e la g Iﬁf‘ng@fé{r%gﬁt@at %ggl{‘g‘?%%{fﬁ% ]q,efy @)% N8 BleC120-17 was

twﬂstea%k Bsootlﬁm& €76, 2, S6ihé 6f ih@)ﬁoh%ﬁﬁ%ﬁ)oﬁﬁmg tW1sted pairs 240", 240"
E proximately 1.71 i nches (43.434 mm . al7l ch
e

QM@JDIMZQ-hy 12@AGhave bmmeemmmmateﬂ)ayanaaﬁlgt ﬁhls oﬂcreases alien

bbb ey’ %%ga?lﬁ% 101; 23957 SBRbESHAL the RETEHE iy Bngth of the

BaMiE s 240al", twist SR Hair mﬁsaﬁ(ﬁuﬁﬁﬂmm qidd$ thd Rostimbnitt] @52’ length of the
pair 240c", 0.287 inches (7.290 for the tw sted

pahle’s 1200 twisiad miv2di nches (11.278 m) for the
tw sted pair 240d". Although the cables' 120-1'
i00048) cDhrareforso tht cragles 28 skeahlp be heli@ll 'twispAlsuch divat Heeireindividual

el AL SR b ) S 8 850 1 o
2 f
T s

seadualbe eraaseth doeragsadeVithipdhearanges spepified; afcpasalied sonditions could

g‘!a e%'a tcagﬁﬁﬁqg lp%Shng %Jrlée@ﬁ {ﬂtetgg\% C?&J ;Dfeg t}ilef catb}léf&o; ay é¢n§ths may be

hﬂﬁtea to MMgss gt gainbt &ﬁéﬁotheﬁpwfswd pmtzﬂo)/la (ki thhpe beyond certain
resul tant Iength of the cable's 120-1" tw sted :
prepiftant Jeyl engf{\dzm Tnevh@rYe%%t@g t?ﬁéa@%l%%fﬂﬂﬁd"lﬁ%e?@m ranges of

@9019 by %H Hs, tn\%%ﬁg %gt mge& gﬁrg Zélgdéfv J(hgu@‘iblésv\%ﬂ should not

rates do not 'cause t ste I'rs betwee
bedunes afjfi Oxitmatdlg qmlmlehp fiherefarat &bwdnmeﬂl tables I san Be configured

ecially orta n-overal | cable | engt hs
‘ 'é?fa aawui}rg H1ef gt gme di e e g ?%@%r%@eae than one
SR8kt GHste@DaRIA) 18! 1.AQAM Ih@NFh&OULTE BS0. eVF CQlandH
somFet Ifooﬁ% © %a'ﬁl nt Laz rea%ge For exarrp?je t he Cga‘g{ ¢, only the
téedpaydihg ngiskes] paiss 246 of the cables 240 should ever have parallel lay lengths.
In some embodiments, the twisted pair 240d of one of the adjacent cables 120 will not
become parallel to the twisted pairs 240a, 24b, and 240c of another of the adjacent cables

120.

[00149] In some embodiments, the maximum variation boundaries for the cable lay
length of the cables 120 is established according to maximum variation boundaries for
each of the twisted pairs 240 of the cables 120. For example, assume a first cable 120
includes the twisted pairs 240a, 240b, 240c, 240d with the following lay lengths: 0.30
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limted to ranges that do not cause their tw sted pair
240 lay lengths to go beyond certain resultant |ay

wo eovgssboundari es. By twi sting the cabl es 120PONU§2004/034034
within certain ranges of cable lay |engths,
non- correspondi ng tw sted pairs 240 of the cables 120
shoul d not becone approximately parallel. Therefore,
t he adj acent cables 120 can be configured such that
the resultant lay length of one of the twisted pairs

imohgs é’bfﬁalrsmaf@r ittt Bviste rpa'trnZélQﬂeQéDtia@heSt(M troth) fai theow@sted pair

2R T Pbptlha R BRTE e g o oD one8 T3l mo for

115 Bkl @ d 4B 24TRY e TR t@lst @dte |0@)thé fifgtoasle 120 ﬁ@%e limited by certain
enbodi nents, the twi sted pair 240d of one of

r@@qlmu@nwwa@n doundegiofifpy thﬁd@y bagdweofghe awistad maantM@ of the cable
ltzgn sted pairs 240a, 24b, and 240c of another of the
adj acent cables 120. [00149] In sone enbodinents, the

500, Eh PRS0 i SIBE R ngts LD JRE otk S fhS Hignpeble 120
sMédit afot caauieouﬁd 3I1@§ th QJf tﬁaqtm@éd phie ol sbast RA &1§an26@1 inches
of the cables 12 or exanpl e, assunme a first cab

(3(_2@74 e dBke raseltankilay E’dg@é@frthe 3ted pra0RA0b2stEeld mft(hj:come less

t he.f ol | enat,hs 30 -4 hes ., (7.

M 961 Mg (P Lo S SRR AR 18 gt o 955 i Foe shoua
nbo beédife tlavs Sthed 0l incB4D¢10. @147an)1cllaa35hﬁﬂﬂng7 &dﬂ@y feﬁgths of the
the tw sted pair_240b, and 0.90 inches (22.86

indjgidpgl tetiged pairs 24@4@&ertq1némtqme§@nge&ttbe @pnfh@e@pn@ng twisted pairs

gdﬂﬁf %%%8 SQ%Xllybf% ti(fﬁ'ga %gbl@é’ 156 «?Ul? 'ESP;SEJBﬁg@e 6g>?itrrﬂsa?erfy parallel.
ChhSequientl 1 ehe affidoes dﬂz(hen [cﬁﬁ&lﬁﬂd arEhfmté&&ﬂ‘tW&n thecablozd 20.
enbodi nents, the lay length of the first cable 120

[66uB1] d TR, B Sableh & 2020k BO@bhfi@fred e Hatk taBR E@' Jengths within
24Qd to be less than 0.81 inches (20.574 mm

cewain [meiaaum And eRgRHTORouHariasw Speeiiicy, rthezqacbiéesSH@Lﬁhauld each be

PRI b8 Ry SIS gt e TP gion.

nmtmlhﬁmmaub@%suﬁdmayl h@lpébrd:\l&ﬁhﬁﬁ: doksgdrdlingMwisy pairs 240 of the
limti n% the lay lengths of the individual tw sted
cbles 420 iy Beipg @pax%lmﬁplq@ﬂ%g e maygmum variation boundary helps

PR Ad GaRY %F%ﬂ) % aﬁ oPftnd RGpRE) ﬁ%efrbﬁ becoming

positione not ecome approximate
approzirhakly ﬁ)maﬁcdqtmeeﬁdhyothéﬂj etha‘ébye&b&loﬁg die effects @f sdlizh kcrosstalk

tehpeadiaedesaddhe. conf i gured Lo have cabl e 1 ay | engt hs
wthin 3. Random Cable Twist

[00152] As discussed above, the cable 120 can be randomly or non-randomly twisted
along at least the predefined length. Not only does this encourage distance maximization
between adjacent cables 120, it helps ensure that adjacently positioned cables 120 do not
have twisted pairs 240 that are parallel to one another. At the least, the varying cable lay
length of the cable 120 helps minimize the instances of parallel twisted pairs 240.
Preferably, the cable lay length of the cable 120 varies over at least the predefined length,
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certain m ni mum and maxi num boundari es. Specifically,
the cabl es 120 shoul d each be twisted within a range
whowsadesssby a m ni mum variati on and a maxi mum PCT/US2004/034034
variation. The m ninmum vari ati on boundary hel ps
prevent the corresponding tw sted pairs 240 of the
cabl es 120 from bei ng approximately parallel. The
maxi mum vari ati on boundary hel ps prevent the
. non-corresponding twi sted pairs 240 of the cables 120
Whideremeai nimg nyithip pho xiansmehand ghea intisimury cebleHaptvagation boundaries
%hereg% reducing the effects of alien crosstalk
bPK& cabl es 120. 3. Random Cabl e Twi st [00152]
As di scussed_abaove, the ca e 120, canp be randomy or

(981331 andbs1 Gabicnled eepnaPe ipliselly dwisted b we%r@mqqéla increasing or
Joﬁﬂgﬁ&sgj\?on mgﬁ&%ﬁ‘ 5 it TR gl@ngg%rof‘% %ﬁuﬁted pairs are either

maxi m zat | acent ca
cxm&nu@st;hatcremsijhoe nd:ﬂtmupmsi'y tdecreestdcalel else bﬁﬁleﬂﬂem téngth such that

ave tw st ed 240 t are parallel to aone
‘g}nlﬁilt‘i]i‘srpfe ing HB %ftcabi 329a?fy‘ihﬁ éwtsé%]l RAISAA0, Engsppratsd into two

diBReCRRse add hd SlRs b me@]%sit cll %%%e&te?%a g@&g}%ﬂ %en at any

twisted pairs 240. Prefera
ndnm dfaddfjased@0for dhd s-spetonsathd dassst thistep rpen‘éMOrfed each of the sub-

st ove ST Credgy SR Blohfrion Sro GG BY qvuring that closest
tamy& paird 040 Bhtwidef dapdebft debfesCRID H@veh@ikfe%k ¥y 1aMeiisede., are not

at a continuously increasing or continuously

medlebasi ng lay length so that the lay lengths of its

twi sted pairs are either continuously increased or

[66154]Inu &mﬁryttﬂmabbak%h undezgoeshem prvezabfiwizddg,| £ ngtionslustist rate is

h f d h of 120,
et DT doBhe Misled i AR i oo ol dnE S prodefined
18fih t howbNRr S BEdall the@iniid 8y tlér%,ﬂg‘ijs ﬁcbaé’t%? R tltlé) eQitfion discussed

anot her, t hen at any point of cency for the
abglie.stse tcihm fremethe |1m$1els laytlengh etd t]mea msuzaxﬂ lnpderetic lof @fich of the

PRTEBESPOORIR LBy iy Sln B TRhor R 2P Bgdtcibles 120 thatar

ihdividuady msfeaazeﬁfeb@ﬂmaengm acent cabl es 120 have
di fferent lay lengths, i.e., are not parallel. [00154]

[00£s5]t g apl ghold0a léHQ? 108 Q€ ParfifioR \GF T t¥idt i %&ihﬁg 'to%he cable 120
torsional " twst rate is applied uniformy to'the

aceprslitgritopanieresntivgipmertt. A hosizontelLibxis repuésentsad langtht dfehe cable 120,
Bh R P AT e 9HEY o 02 % AL olcs of over
cable 120 twist. As shown in Fig. 12, the twist rate is continuously increased over a
certain length (v) of the cable 120, preferably over the predefined length. At the end of
the certain length (lv), the twist rate quickly returns to a looser twist raté and
continuously increases for at least the next ﬁredefined length (2v). This twist pattern
forms the saw-tooth chart shown in Fig. 12. By Varying the twist rate as shown in Fig.
12, any section of the cable 120 along the predefined length can be separated into

sections, which sections do not share an identical twist rate.
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above, the change fromthe initial lay length to the
resultant lay |length of each of the tw sted pairs 240
wowdos/osssl i ghtly different. Fig. 1 shows two BOj/asmE04/034034

cables 120 that are individually twisted at different

lay |l engths. [00155] Fig. 12 shows a chart of a

variation of twist rate applied to the cable 120

according to one enbodi nent. The horizontal axis

represents a length of the cable 120, separated into

[pOLAfdf | Tbd dableglalidengh eshowldt b aari@tk 'as leraeqoowe&hbaore&ﬁé‘ined length.

i gh f I bl e 120 t
Brofre e prodP R el iR otts S ARttty e e of one
fﬁﬁddrﬁérﬁal'»@d’%IéﬂgﬁxV&f eﬁﬁgﬁzﬂ ®e %Qfa%sﬂaﬁ%d dveettRr @Bley1 20V eThis gives the
the predefined |l ength. At the end of the certain

fuedrguintdl| wivelengti @nowmteng@m to qqmpktey arfailueysde.t The length of the
RSl b R el s AR B R i) SEE YRl pdihe ransmittea

TRaké18E NedepiplBryt Rebsaen@Ot theC hs'ﬁgth ofowe lfﬁncfdn%ntalzwaaé’length is
varying the twist rate as shown in Fi

apprrimAtebf thragametarst durther,  is el e vy gatewentswfy |2egyglipal nature are .
a‘aﬁglr\}éeg?]c? | gﬁti;ﬁlg gva]klgl{eg\%tﬁ%e 3 ?&ﬁed %éeﬁdé%g@?éa#hs%u%g é)ct However,

Byeinsh@ipgéding hat 6f ﬁﬁdMﬁﬁéb@d)v'alt a bgasd tlove Wat/élen%h distancc cyclical
predefined | ength. Preferably, the predefined |ength

iagen| @nabe | BHERIZEEpPh eV amIRISLRHE ¢lupgatedof néome egnbodlments
thifecamrol fh%%@@y%ﬁf%ﬁ esgﬁege?s%*gq?ﬂlr ?aﬁ*ﬁﬁgw;fnsﬁzsm e
REEn" a0 A AR e A D8 P e ol i gfpromatety

thé EenlofleEUERCH NBAmEME ﬁamgﬂbﬁltﬁﬁ) TbRhEh hpRdxinhdlely AR@length of
exenpl ary enbodi nents, the Ierm?th of the fundanental

e efuadginpntpk “éayske&qhmfeﬁ y51$ dwing tapgmitiedy  dherefere, in some
R e T

driibaclybimts,ahe pmﬂu@mddmgh is ép@mumatel}btycn infes¢rsi Ng sone
form of randommess over a one to three wavel ength

di st apce, Pygbhih@hceMeaRFem@itsbe M ni m zed or even
potentially elimnated. In sone enbodi nents,

[0083HCt P RoRle érﬁB&ﬁﬁmeM‘@V BleCBEHIES 106 dﬁﬁg@%ﬁa%a@e 'dﬁéluﬁtethroughputs

randomess. [00157] Thus, in some enb
gppovehingedd|serpgsding 20 gtgabiéaper sapqdo Xdinreetre) qmbddembma,ghh Shannon

oA R SR g S0 es PRAGE R gpToximately 20 gigabits
26T iior® khAp&tdRahcdel ilfearb%&a,stdnee&nug&t%e\mﬁ Rigital signal
I n sone enbodlnents the predefined length Ts

prpgassirgmat el y three nmeters. In other

[00159] For example, in oné embodiment, the cabled group 100 comprises seven
cables 120 positioned longitudinally adjacent to each other over approximately a one-
hundred meter length. The cables 120 are arranged such that one centrally positioned
cable 120 is surrounded by the other six cables 120. In this configufation, the cables 120
can transmit high-speed data signals at rates approaching and surpassing 20" gigabits. per

second.
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enbodi nents, the predefined length is approximtely
ten nmeters. J . Performance Measurenents [00158] In
wa eovs/0e38bodi ment s, the cabl es 120 can propagat BCHEEZ0&034034

t hr oughput s approachi ng and surpassing 20 gi gabits per
second. In sone enbodi nents, the Shannon capacity of

one- hundred neter length cable 120 is greater than

approxi mately 20 gigabits per second w thout the

performance of any alien crosstalk mtigation with
¥ii. gi tALTERNATIVE EMBODIMENI®159] For exanple, in one

[ t,,the cabl ed grou 00 .cappr.i ses seven . .

(BB, "T5 s dohen SRt Lo L) B SE 476 nobrestichive, Many
AR maNE %n@&%ﬁl@éﬁtiﬁﬁi Bihér tANEE RNBRSs PRbAked S be apparent to
The cables 120" are arranged such that one centrally
thossi afissilbth thebireupd@Oreading wne ghovd eldsdriptione Wiehwops bk the invention

ahl.es 0. .In this.confiquratjion, the cabl.es.120 can.
PO e otmipets pab i P et B g e BB Hif iR instead be
RBGmPEIP A5G AFertAcdite afpiet gp(PeB@éd 20480 alond’ wih- the full scope of
ALTERNATI VE EMBODI MENTS [00160] The above description
dquivalenesnigedhich speh rlainos atezeniitled. aMdis reaticipeted randtinigaded that future

enbodi rent s _and | i cat.ions ot her. thanthe . .
B DPERe T Bt OB PO SRR 14 e st Trsepfipn will be
ihébrpbatedrifitodpem futerEmi@diientabove description. The
scope of the invention should be determ ned, not with
reference to the above description, but should instead
be determned with reference to the appended cl ai ns,
along wiwth the full scope of equivalents to which such
clainms are entitled. It is anticipated and intended
that future devel opnents will occur in cable
configurations, and that the invention will be
i ncorporated into such future enbodi nents. -48-CLAI M5
What is claimed is: 1. A cable systemfor mnim zing
alien crosstalk, conprising: a plurality of tw sted
pairs, each of said twisted pairs having an initia
predefined lay length, said twsted pairs helically
twi sted with respect to one another such that when a
predefined length of said twisted pairs is separated
into two sub-sections, and said sub

-48-



sections are positioned adjacent to one another, then
at any point of adjacency for said two sub-sections,
W b@soksssest twisted pair for each of said subPGHUB10041634034
have different lay lengths. 2. A cable system as
recited in claiml1, wherein said predefined |length is
defined as approxi mat el yCEAIMS to at | east one
Whaf WrRameatsal wavel ength but no nore than three
fundanment al wavel engths of a signal being transmtted.
3. A cable systemas recited in claim, wherein said
predef i ' ) : t : .A cabl e
CyEt om ASTDIeEIRER toE i R i B Bhrithe:
paa pwradite ofjevietcd phiys, hotedf said tposted pairs haviry andsfizt predefined
one another. 5. A cable sysftemas recited in claim1
lay lepedh spid tyistednadss hefiedlyguatet Sh mnr e anpanqtiersheh that when
a pre8EME d%ﬁ%fh bt 368 noidtedl paith Bl ito o @Q@-bédtﬁﬁs,‘%nﬁ'@éid sub-
respect 1o one anotheéer. 6. cable systemas recite
sectioms aré positidnedwldgacentrio ang amdikdr, then apgply mintofedjasenay for said

tw sted irs, and wherein a tw.st.ing of said jacket
two sl @eEonshihy oFise S is At Or Srcbior i R ciB il Hletent lay
length.th respect to one another. 7. A cable system as

recited in claiml, wherein a filler is positioned
along said twsted pairs. -49-8. A cable system as

ited,i | aim 7, wherei i St i id filler.
atisee. Saradi g el Rgtar Wik be i engneth i
defineti b apRoRiRskely @q@d €0 &Nedsh6he fulddaemabl SveidtSHERt3D more than
recited in claim, wherein a lay I ength of each of

threesfyndprpenital tweayelsagihs of & sighal beingtorsmiitisus| y i ncr eased
‘ and continuously decreased al ong said predefined
l ength. 10. A cable systemfor mnimzing alien
cr®sst ahkableanptnsdsherited iptlatrallj Witerein daid sredelinedilémpgth is at
'said twisted pairs helically twisted with respect to
least dhyge géther al ong a predefined | ength, wherein a |ay
| ength of each of said twi sted pairs is one of
conti nuously increased and conti nuously decreased
al éng sAiwdblersgstefn aseetiledmgthim 11whéemadaicetvaytad pairsme

recited.in 10, wherein said |lay |length of each of said
senefalfdpied i Rpiaon YGarmee P BESE ot ol y a sane rar e
at each point along said predefined :
5. A cable system as recited in claim 1, wherein a jacket fits over said

twisted pairs and generally fixes said twisted pairs in position with respect to one another.
6. A cable system as recited in claim 1, wherein a jacket is applied over said
twisted pairs, and wherein a twisting of said jacket causes said helical twisting of said

twisted pairs with respect to one another.

7. A cable system as recited in claim 1, wherein a filler is positioned along

said twisted pairs.
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l ength. 12. A cable systemas recited in claim,
wherein said rate is an anount of torsional tw st
wappbioesssby said helical tw sting of said tw sSPErUS2004/034034

pairs. 13. A cable systemas recited in claim 10,

further conprising a filler positioned along said

t v8.st edApablesystemiad rédide ém clagh i/ cehérgint a/\iwistmg (ﬁ]saidgflller

sai i,ned l.ength, erein.a filler ength of
cnuses grig HRUERGH IS8 Ghem VISt AR U VSReﬁt:froeoa@é%

conti nuously decreased al ong said predefined Iength.

14. A cable systemas recited in claim 10, wherein

sdd.d prAdeblesgsteinen g@dﬁtedin alpinh dawheroimen ffay detegtieof edch of said

. vel ength of the signal nsm{t
twist BT TS PuF o ortimRu Y BaroeRr AT e BRI eRG R L e sid
predéfmeatlﬁ% pairs are generally fixed in position with
respect” to one another. -50-16. A cable system as
recited in claim 10, wherein a jacket fits over said
te nd fixes said tws alrs .in position
w i ARk v i8e ot Sriane ahe ShStubReryshen as
r efpluedity Bf Gligkdpdibs, st e Rkdd @hx@ h@ﬁmmwm&i Miﬁ $espBaRo one
ten percent of the vol ume within said Jéac ket over said

anoths‘f é]@églarié@ﬂelﬁ@ﬁ@ {amgthy yhewinca kaydergih vépachof saiditwested prirs is
r
one Ot% cgnttrx]ﬁu uslg egsec[f 8]?%(2“&@%%11% Q(H‘Q:%seﬁ glogé%élglp e(%&lgﬁ%{ength
causes said heI [ cal twisting of said tw sted pai rs
with respect to one another. 19. A cable systema

r ebli-t edAicADlgISHStEm RS reciire i 0 W?éﬁ%élﬂda)p}eég@quﬁé@ of said
tw1stéc?§£f§‘is anétf'ﬁ}d aﬁ%@)ﬁfn%%lfﬁlgﬁlﬁe hﬁe G e Bﬁg aloﬁé galhggﬁdefmed

sect1ons, sections a € posl
lengtadj acent to one another, then at any point of
adj acency for said two sub sections, the closest
twi sted pair for each of said sub-sections have
di 4 er eﬂtcabl@éyét@ﬂ% Rsoited%h clAins 2D! $her¥ials e rfaﬁé isa amount of
mnimzing alfen crosstalk, conprising: ur a?
torsianal syietanpdied by s@dbblicl twiating ofvasd e’dstpépmss haV| ng a I ay
| ength; and a jacket applied over said twi sted pairs,
wherein a tw sting of said jacket causes a helical

twsti ng cablesgdtemlawirsdied iPdlains 10/ fuRhéRoRSsiet B
another. 21. A cable systemas recited in claim 20,

positigned elong saiddwistsd paimgratd BHerdwdinallyf twistedialong said @rqum@d |
1<3ngtia1S vgﬁ%refge%ﬂi% é?}? ]% gtfl o?agl?llfﬁler i HTbBY t?nu%tusl??r?ct}e sgél rf?md

continuously decreased along said predefined length.

14.  Acable system as recited in claim 10, wherein said predefined length is at

least one fundamental wavelength of the signal being transmitted.

15. A cable system as recited in claim 10, wherein said twisted pairs are

generally fixed in position with respect to one another.
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length of said twisted pairs. 22. A cable system as
recited in claim?2l, wherein said rate is an anount of

W o0osioeissd twi st applied by said twisting of sBETIUS2004/034034
jacket. 23. A cable systemas recited in claim?20,
wherein said lay | ength of each of said tw sted pairs
i slone Afcablerslystancassésitedme cleas df, wheretmnd jankaidids gver said

. .decr.eased, al ong a.predefined.l.ength. -51-24. A cable
st BB RS S8 Eo A B DOBLIoR Thiesmeeimine &neiiern
filler positioned along said tw sted pairs, said
filler helically twi sted along said tw sted pairs. 25.
A FAbl eAgxpblesystam aseediteddn Claing 116 wh@ein aihepeisents bess than ten

a .cation of said jacket over said twi sted pairs
pereRREMnER o) s Risbiliaf et Sl b eanet i b 6.
cable systemas recited in claim20, wherein the

application of said jacket over said tw sted pairs
m . zAsablesystamuasireaited an elajmn dRi whereint ajagkst ds applisd eder said

. Lrs. .27. . A cable system recited i. .alkm 20 .
istF G AR LRER P aalis HE e Rl il noh G gt e
twiste@gﬁmaﬁﬁmgedtm& end Mtgeb- sections, and said

sub-sections are positioned adjacent to one anot her,

then at any point of adjacency for said two sub

segd i ong, S i or. each of sai

sugj-'sec icca)l{ﬁllsgesﬁ%\%% agi%%%;ttgwéf?]{:ﬁ ag 61 ‘é’}rlé;rfe st.v}? .achPrg(g%‘fjr}fd
length Y8 bt istedPairis i8 gepagted ih@tworsabsteidns, aRngald Sibn@etichs are

twisted pair; and a filler conprising a base portion

positipned Agjaseid fuPnsanoiics ey ang POLTH 9d adidcanel detssashtwaosult

sectibRARe st hil 9 BackHsthd b SEAbRTale IRk ngths.
adj acent to sal ase portion, and sald extension
extendi ng away from said base portion by a | ength of

at_ | eas pr oxi ely .one-quarter the di aneter of
SR T <P SR b R G e oAl ORI
cl AhiARy oPRALRH gaﬁgbgcfpﬁ%ﬁid&wtw Jaitd Ve la? length; and
radi al | y” extendi ng I'ength generally equa o the
di @jaeket applicdsenied saiditwisted paab.rwhe3€in aXwisthiigeof syiltjarketsauses a

. reci.ted i.n.claim 28, wherein idfiller is helically
neticf (54 O i SRl P HOHBRIEAR THABPIRG of oai d
filler applies a torsional twst rate to said tw sted
pair. 31. A cable systemas recited in claim 28,
whek ei nAgablg systemtas deqitgil in elaian 26 wherein said lay length of each of

said twisted pairs is varied by approximately a same rate at each point along a predefined

length of said twisted pairs.

22, Acable system as recited in claim 21, wherein said rate is an amount of

torsional twist applied by said twisting of said jacket.
23. A cable system as recited in claim 20, wherein said lay length of each of

said twisted pairs is one of continuously increased or continuously decreased along a

‘predefined length.
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filler are helically twisted in relation to one
anot her such that when a predefined I ength of said
WO M0sHessspair i s separated into two sub-secti oPCT/USIVA4/034034
said two sub-sections are -52-positioned adjacent to
one another, then at any point of adjacency for said
t w@4sub Asebld sysem asrecitddos ebimtdf, Buthdr parmpriging editler of

R e R L INLTAE o e

filler is hellcally tw sted such that a lay |ength of
said twisted pair is one of continuously increased and
coBbi nudusible syeteressedteal ioeiia %@r Wﬁ@feimm applicption of 3aid

ekl T 14 PR B e lber SrA g s B3t P o 1

radi ally extending | egs, each of sald | egs having a
| ength generally equal to At |east a dianeter of a
t wzét ed Apeable systeatas reeited ip okiimi20nwhersid] the application af daid

. tension to east one of .sa .
jeckitgvar g BRisRS waBE hifmtfhs ot o BE el e shliiipred pates.
|l eg a predefined extent; a reference poi nt of said |eg

defined as apprOX|nater one-hal f the dianeter; and
whév ei nAs%ﬁbép fysteness fegitaddn |cl;aat1n|%0 whereinewhen e pradefiped length

of sF{lsBaBLGOR LR EATo Ol AU Bl bl SliclsR EARL AL

1 ons I \KD sup-'sectrons are

posifiersddtddfueent tadnaaﬁmheﬂ thef ﬁﬁm@l’mﬁlﬁteif,adjabaibytfﬁe sl ewag&b
di stance between the closest reference points is

sectiopp die @ﬁ@%htawte‘épalg Er@agh elretd ﬂ@oﬁeést@@rhave éﬁferpntd%le@gths
systemas recited in claim33, wherein said filler is
helically tw sted such that a lay |length of each of
saif. adjpacbid syswinsfoe thipimizing ialienoesailkcoopriningis| y
i ncreased and continuously decreased al ong said
pr SABHISORIT 84t h. 35. A cable systemas recited in

cl Qifffe3SomP¥igh Eh Bat Aotk e dvirll ralidI§ Eki%ﬁdﬁ’& 188 éiildfahlelx%swn

applies a torsional tvvl st rate to Sald adjacent
to attlvassomjommlsgs anid twistcabpairgrogitioned adjacsint of saidbabe pomon and

saidpledtiop arhaing Svay Boh i Conse aiion W atRh ' T tleRd 1, 53

approRRERE1D ofdigHare the dbmbiek 6f $ADtvaktea b, il l er
di scourages nesting of said two adjacent sub-sections.

-53-37. A cable systemas recited in claim36, wherein
Sa."Zg. Ca*i&l Sable, ss‘yt £l 'asn%cnlf'e%eﬁ claim 28, wherein said base portion includes a

radially extending length generally equal to the diameter of said twisted pair.

30. A cable system as recited in claim 28, wherein said filler is helically
twisted, such that said helical twisting of said filler applies a torsional twist rate to said

twisted pair.
31. A cable system as recited in claim 28, wherein said twisted pair and said

filler are helically twisted in relation to one another such that when a predefined length of

said twisted pair is separated into two sub-sections, and said two sub-sections are
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two cabl es positioned adjacent to one another wth
poi nts of contact and said helical twsting of said
wo Rookousssauses an air gap between said two cabPEBUSHONHE34034
at least 0.1 tinmes a dianeter of at |east one of said
cables. 38. A cable systemas recited in claim 33,
positished edjacendiclorexdnetter,ahen & aay paimd efladjawac g fa sja'mldlwwtsub-

covering said fjiller such that an_ amount  of
secti g heicHRORSL LS RH, Giopbof S50 Dy e p ey "
lengtP§C' ted in claim38, wherein said jacket and said
I'ller generally fix said adjacent twisted pairs in
position. 40. A cable systemfor m nimzing alien

cth of ASaPS Stipe de et LCIHiE) PhVhafeip i T i Helcany
tw1st9c{ ﬁfthaﬂeaqag/ ﬁ%g{he&fgﬁﬁ tw?é?&i ]I‘S’anf isloln§ bf Q(Qﬁin‘ilb@é]? thodda8@Wand

tw ste Irs, said 'er conprising a base
contipmusl}outbcmasetﬂ eﬂang apteyleﬁmtdalnxdgthg | egs, each of said
| egs having a | ength generally equal to at |least a

di aneter of one of said twisted pairs selectively

posy ti OA%leé%ﬁ@Iﬁ%r inthifdifly Alidnl @6sstaBn c@ﬁ{pﬁ@ﬁgon to at
| east one of Said | egs, said extension extendin

r afdﬁam opmpuisigracb 3¢ pentioai vt radially srisading degs, @@h@rﬂﬁmdéegs

L R T

posititRkd aa@jabent todasd fitleipd th respect to one anot her at an
overall lay length that is one of continuously
i ¥y SdeBPAA@t 8sitang 96 a%ﬂ%gde@i%%@wwe@rtﬁr@a@w@éavard

from Sgﬁq%‘g%i&%ﬁflﬁgﬁgx {when said predefined length of said

alrs 1S separated into two sub-sections, and
s aladefemms pdsmsett:qatcbhg dafisedosipproairestebydjradeiftthé dianwreer; and

anot her, then the ra I stance petwee he cl o
r ewafrswc%d;fé#w% hetfeally t‘%é@gtsu%@ah\é{ ¢n ypre cdefinpd length o said
flller% ?%%dté@ﬂt%%ase%saﬁn@% R - s@étlcﬁgla?élg&w%l%g 'adjacent

two sub-sections, the closest tw sted
to oneanhthen‘ theaithe amagmbstswhemnhhwdo&sdreféremcerpomtaj/s at least

I hs, -54-4 . cable systemas recited in claim
O“G'IKBSF%?&@F%%H‘E’FQQEE is applied over said tw sted
pairs, and wherein a twisting of said jacket causes

said helical twisting of said twsted pairs with
r e%‘bect Atcgblesgstamats hi@cntedm clajan a&m@erslyﬂa@rﬁlm iy kadicaliy

tw1steg suchqhgg A‘lay lengf‘hroelJ dacR a% sai ac‘Ie 9(:%];1]( % 1ste§ )1(351%3” ks ong oftt continuously

‘increased and continuously decreased along said predefined length.
35, Acable system as recited in claim 33, wherein said helical twisting of said
filler applies a torsional twist rate to said adjacent twisted pairs, and a lay length of each

of said adjacent twisted pairs is varied by said torsional twist rate.

36.  Acablesystem és recited in claim 33, wherein said helical twisting of said

filler discourages nesting of said two adjacent sub-sections.
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| east one-quarter of the dianmeter of one of said
twi sted pairs. -55-
WO 2005/045854 PCT/US2004/034034

37. A cable system as recited in claim 36, wherein said cable system includes
two cables positioned adjacent to one another with points of contact and said helical
twisting of said filler causes an air gap between said two cables to be at least 0.1 times a

diameter of at least one of said cables.

38. A cable system as recited in claim 33, wherein said extension is expanded
toward a jacket covering said filler such that an amount of air within said jacket is

minimized.

39. A cable system as recited in claim 38, wherein said jacket and said filler

generally fix said adjacent twisted pairs in position.

40. A cable system for minimizing alien crosstalk, comprising:

a plurality of twisted pairs, each of said twisted pairs having an initial predefined
lay length; and

a filler positioned along said twisted pairs, said filler comprising a base portion
with radially extending legs, each of said legs having a length generally equal to at least a
diameter of one of said twisted pairs selectively positioned adjacent to said filler;

an extension to at least one of said legs, said extensi;)n extending radially outward
from said leg a predefined extent; -

a reference point of said leg defined as approximately one-half the diameter;

wherein said twisted pairs are helically twisted with respect to one another at an
overall lay length that is one of éontinuously increased and continuously decreased over a
predefined length such that when said predefined length of said twisted pairs is separated
into two sub-sections, and said two sub-sections are positioned adjacent to one another,
then the average distance between the closest reference points is at least one-half of said
predefined extent, and at any point of adjacency for said two sub-sections, the closest

twisted pair for each of said two sub-sections have a different lay lengths.
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41. A cable system as recited in claim 40, wherein a jacket is applied over said
twisted pairs, and wherein a twisting of said jacket causes said helical twisting of said

twisted pairs with respect to one another.

42, A cable system as recited in claim 40, wherein said predefined extent is at

least one-quarter of the diameter of one of said twisted pairs.
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