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bdok yoplication clainms priority fromthe
V‘é?ovi@?/sgﬁgl application titled "CABLE WTH (ﬁc—gg 004/034073
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i ncorporated herein in their entirety by reference.
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a e nicating the data at speeds
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cabl es.can propagate the data. Consequently, the data
cabl es of typical comrunications networks, such as

| ocal area network (LAN) communities, limt the speed
of data flow bet MMME[OOM] I'n

order to propagate data. between the comruni cations
d002es, Whﬂ)prescmmtibatﬁem wet:allmfskmadé iof itwésted conductor pairs.
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"@:azi]mﬁm):atloﬂsbmﬂicﬁﬁdmstw sted pair includes two
i nsul at ed conductors tw sted together along a

ll [IWIOGII’a]tHUgllVF%ﬁ *t% gv?g%ipie'ad arld! ghowikk ldse ! of cérhfnlt!:rs in cémmumcatmns
apphqatlons the ensuing volumes of data traffic have accentuated the need for
communications networks to transmit the data at higher speeds. Moreover, advancements
in technology have contributed to the design and deployment of ‘high-speed
communications devices that are capable of communicating the data at speeds great;r
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 péirs” or “pairs”).. A typical twisted pair includes two

insulated conductors twisted together along a longitudinal axis.
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twi sted pair cables must nmeet specific standards of
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transmt the data between the communicati on devi C€S
If cables do not at |east satisfy these standards,
the integrity of their signals is jeopardized.
I ndustry standards govern the physical dinensions, the
performance, and the safety of the cables. For
exanple, in the United States, the Electronic’
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requi re that the cables perform
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cable. In general, as the s eed of a data si gnal
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attctmmwohamﬂe:r@afanc crtrﬁerfbifwmeghlspeddmeonlamagmre%tt@:f caBle performance
. cable's twisted pairs., Theaoretically, the inpedance of
In QIJET fQpnatngin B‘?ﬁantP@%F]rléF?ﬂP&y proportional to the
I nduct ance from conductor effects and inversely
[0007d por A Gpruissipn of epedaapma @lternatien.fandrergssall wilbhelp illustrate the

lirnenfaii%%g f conventional cables. The first listed parameter, impedance, is a unit of

measure, expressed in Ohms, of the total opposition offered to the flow of an electrical

‘signal. Resistance, capacitance, and inductance each contribute to the impedance of a

cable’s twisted pairs. Theoretically, the impedance of the twisted pair is di'recﬂy
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

-



[ 0008) Inpedance is also defined as the best "path"
for data to traverse. For instance, if a signal is
smtted at an inpedance of 100 Ohms, i} ..
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pair lay | engths I stance to co te one tw
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ti t nes ofte'aketsrro e twi sted pair
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ance of the tw sted pair may devi ate over th
1Bflg§hg%fﬁi the tigh{aess Hf the jagkehsproupding the ivésted paiesr e i s a
change in the physical attributes of the twisted pair,
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Jpegang on result from a
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bet ween the tw sted a| rs, the inpedance will increase
impg eOCPRpedah cEaRley A iPEdnpe dgviaden (Wil result from a simple
inBERROM HRNGktahR B&@egd %ea%‘ﬁu&gs"\@fefhe sl B%‘Ct@tr the Yoint of
the twisted pair. [0011] Geater variations
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performance require that the inpedance of a cable
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standardized. In particular, the EIA/TIA standards for cable performance require that the
impedance of a cable vary only within a limited range of values. Typically, these ranges
have allowed for substantial variations in impedance because the integrity of traditional

data signals has been maintained over these ranges. However, the same ranges of

impedance variations jeopardize the integrity of high-speed signals because the

undesirable effects of the impedaﬁce variations are accentuated when higher speed signals

are transmitted. Therefore, accurate and efficient transmissions of high-speed signals,
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data signals has been maintai ned over these ranges.
However, the sane ranges of inpedance variations
' dize the integrity of high-speed S|gna
‘*‘Eg&% 35755, rable effects of the inpedance Varl%’?ﬁgﬁ§4§7034073
are accentuated when hi gher speed signals are
transmtted. Therefore, accurate and efficient
transm ssions of high-speed signals, -3 WO
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parti Fcul acture mani pul a
paﬁﬂ:bla@,, @Uﬁﬁn@f&cﬁlw ﬁthp@laﬁdms afabdable, Stsiudskwinting the cable, should
i ntroduce significant inpedance m smatches into the
notiggoduce] spgnifiqant jepedapcsraspatchegniptha fatler useful for
eval uating cable performance is attenuation.
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order to hel p _ensure acceptabl e attenuation|evels,

freaMencycRl shectisaal el enat of & foarecien Aad B digmeerol theqapdyctor. In
org%rto e rgﬁglf‘re ag&%t%!d%t&&tﬁh QQM gﬁe ééﬁ%;a%ﬁ s regulate some of

l'e si zes conductors for thé tw ste pairs.
th@staOﬂaat}orér heForaexamas,s the UEKATTIAN signdattds  goeduciorBowddiesizes of

enuat i.on. because materi al ith bettei
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stants) ten m ni m ze si gnal Accordi ngly,
Oty 3G SRtFR %IS“IE%‘H}% theec %Q'g%‘i’ﬁsa‘l‘f ek ﬁbl‘f‘fala%“e““a‘% Jbecause
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to insul ate the conductors. hese materials usual %/
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thhi r-.diel ect an n ol Yviin
P er R B e SRR SRR e BBy These
m&eH el tustly Reiiae 16 ginledtes sosbmaﬂ&xmdﬂrzat&gﬂ; tvith AEDYN Hlelecmc
of air surroundi ng]the tw s _
constants, such as polyvinyl chloride (PVC) Further some conventional cables have
sought to reduce signal loss by maximizing the amount of air surrounding the twisted
pairs. Because of its low dielectric constant (1.0), air is a good insulator against signal

attenuation.

[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. .
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al ong ot her proxi mate conductors. The fields typically '
t

the esignalit beingt wwsvedr plong tqihﬁrs@r@m@at@@m@m derfigdds typically
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nea% bll% eg/%\]/\c@rs %al&y re resenta a rreast ¢ |
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outside of a cable that can potentially affect a signal.

[0018]  The physical characteristics of a cable’s twisted pairs and their relationships to
each other help determine the cable’s ability to control the effects of crosstalk. More
specifically, there are several factors known to influence crosstalk', including: the distance
between the twisted pairs; the lay lengths of the twisted pairs; the types of materials used;
the consistency of maten'ais 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
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outside of a cable that can potentially affect a
signal. [0018] The physical characteristics of a
W sted pairs and their relationships

M Og/oftse%p determine the cable's ability to c%én ro ﬁ%ﬁ‘ﬁ(ﬁwn

the effects of crosstalk. Mdire specifically, there

are several factors known to influence crosstalk,

i ncludi ng: the distance between the twi sted pairs;

the lay lengths of the tvvi sted pairs; the types of
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that the effects of crosstalk within a cabl e decrease
palr\ﬁ/hen the distance between twi sted pairs is increased.
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| engt hs of the |nd| i du Wi sted pairs_over their
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crogstalk than are t ge short lay length twisted pairs.

[0021] Based on this knowledge, some conventional cables have sought to reduce the
effects of crosstalk between long lay length twisted pairs by positioning the long lay
length pairs farthest apart within the jacket of the cable. For example, in a 4-pair cable,
the two twisted pairs with the longer lay lengths would be positioned farthest apart

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



This further degrades the ability of pairs to resist
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efdetg oBhlEn mbmﬂ]k hyverigcemn nidie sgﬁﬁmemtstoahe Ua@s’éssainkOfogh speed

produ0|n st ronger erferen fi eId
ol TR BRI PO Ry 29 SDaRg S EEOR TERR e Hogion crossali
wHe %ﬁgﬁ&ﬁfbcﬁacﬁh%?ﬂ‘ %lalﬂ%%ﬁl@t e téﬁhnﬂjuli"uébﬂtta chbittd? Sroskthik within
ects of alien crosstal k have becone nore

thesq:cglwcllitwoalncabtl@ deottprayidarideghen lorlneigaolajvnele Prafgetfrom cable
to &3 1%% 1gn c e 6QOLEN O &ﬁb 1&%%8?3 GPH% é’eﬁr 41%'& t Nreover,

|en Crosst n tran

_ soﬁléatﬂinbér@lﬁﬁbl dﬂliilas &agnainplovémeiedngm thag ua&Euall; evbrkcto increase the
control crosstalk within the enti on?

- expoRurPloppig & Wated baifseto| aliga |°§086tfﬂ TP ORG &Pﬁ%ﬁrgg?ﬂer cables
of{e %ﬁéﬁl fhe same cable diameter by reducing the thickness of their jackets and

actually pushing their twisted pairs closer to the jacket surface, thereby worsening the

effects of alien crosstalk by bringing the twisted pairs of proximate conventional cables

closer together.

[0024] The effects of powersum crosstalk are also increased at higher data
transmission rates. Traditional signals such as 10 megabits per second and 100 megab_its

per second Ethernet signals typically use only two twisted pairs for propagation over.

-



to cable alien crosstal k between the conductor pairs
of hi gh-speed signals. Mreover, sone conventional
ve enpl oyed designs that actually wo (t(r '

ﬁgjrog/g‘gg%t he exposure of their tw sted pai rslt 66%0%034073
crosstal k. For exanple, typical star-filler cables

often maintain the sane cable dianmeter by reducing the

t hi ckness of their jackets and actually pushing their
twi sted pairs closer to the jacket surface, thereby

worsening the effects of alien grosstalk by bringjng . '
convensiontl Sablgs paHOWCEFT. JHENET REE] R EFOHS) NgiBiegs bamiwidih.
cl {. . € i . .
noGHGR VSR 38 B BA e i AT psecond
Ethbmanggriags, @8 uswdligtrandmacitin dulbdupleymadds (Bwvely tagsthi@sion over a
megabi ts per second and 100 negabits er_ second ' :
g BRH LSS TR 450 191 A1 PR FARY [R5 Gt QU §fgources
f op ' o AB8&58:pab i
o BRRIESCEPRERD S Ep LM IS B ot vecomn e
inchbgleffes reaiipaiagnmh srasgalli thet dre prahsed bp ighvipednsignals. More
. Accordingly, high-speed signals, such as_1 gigabit, per
AR SRPCRHORT G s CBBPT SR Bioh BRRERSs P fatig o cable

cro@difk YAKRA b¥ostih@nSWhith @ebshaiid 14l ihcidbipliessbaetRlly Zevitie all of the

transm ssion over a tw sted pair) over nore than two
twitted paisscofpadjrasnt edbtes @fppatenéial A 8stig- t he nunber of
sources of crosstal k. Consequently, conventiona
[002&b| esSimilariypothenpaiveriont! tevteriquesianeineffectientireaapplied to high
effects of powersum crosstal k that .are, produced hy....
SPHR GREPRIET RGPS gt Bt EaYoPEe RSNttt fekjtionsl data
sighP lﬁ&aﬁ%%@& oRNRKG AR Rirks B FRBESe BinseaBicns! b ®Bhdiwation,
crosstalk (alien crosstalk), which crosstalk is L
communisatians syslsmsaan paually preich theanteriersgre thabone fijisigdappir’'s signal
paitcs of . adi ' _ 5 _ e .
i R g pRE s CRRAES B8, P BN b, MR blckEmsced pair for
trangngibfiast iccenplive higipsieed dlataosighgh gespraedmorrmomcasacl oeise, the

signal s, For exanple, . .as pentioned above, .so
CEIERAT PRI PTG GG o1 § B Py Bk ARy Cepgeed to cance
oul We &tk RBler FrebRlof flofse Gld N )dniedNeectvE. ORBreghts tdlilfen crosstalk,

situation, conmmunications systens can_usual ly predict
prediaabilityenetodneee edpasialbnmefiaftiececpaserthe signglpaf othgy cpbles are

| nfli h i i i : : :
s pokhi o Sip et MiSEB0bihg Ro BledRRiondIOURMEEIr coupling

WS parrs sm ss
effeoPh a¥jabe@ltablee edntpedcica iaga dlficgener at e nore sources
of noise, the effects of which are | ess predictable.

[0656)2 I eRdlliherefRAVETctsOnRLrofRAOaE US Gebht Pe€dBiFRAs pose serious
problems to the integrity of the signals as they propagate along conventional cables.
Specifically, the high-speed signals will be unacceptably attenuated and otherwise
degraded by the effects of alien crosstalk because conventional cables traditionally focus
on controlling intra-cable crosstalk and are not designed to adequately combat the effects

of alien crosstalk produced by high-speed signal transmissions.

[0027] Conventional cables have used traditional techniques to reduce intra-cable

crosstalk between twisted pairs. However, conventional cables have not applied those

-8-



out the predictable effects of noise are no | onger
effective. In regards to alien crosstalk,
ity nmethods are especially ineffecy) o
eggtééﬁgae signals of other cables are usuaf#%@snmymuon
unknown or unpredictable. Mreover, trying to predict
signals and their coupling effects on adjacent cables
is inmpractical and difficult. [0026] The increased
effects of crosstal k due to high-speed signals pose
serious problens to the integrity of the signals as
techiigyesptootha glite crosswly bebreramdidenl cadles| d¥r one, conventional cables

L

hafhd 861 6e Qbn@rheNwath Ogsitratiingh &]ﬁ:@u S@seARY eRiutlteralufads®ig alien
tradltlonally focus on controlling intra-cable
crosstai sisampRreadidfiailtethan copERliig A datrd-eablg etpsetadl Peeaspatnlike intra-
t he ef ct.s a
catl? el SR ogPh sElepoBp Bl AR, oY i ek or
predfcest. t r AdéA icesratalld & difficuie ot measackubecaust ltatypadille comes from
crosstal k between tw sted pairs. However, conventiona
unknaY TR0 URGES dt ere%tﬁsbheé’atef‘ﬁg% 8 WD 2005/ 045855
: PCT/ US2004/ 034073 techniques to the alien crosstalk
[0028] weeAs adieside sonveatipesd cafiing BRkNIqREs RsnRPLPRED seagssEylly used
have,been abl Y f
o SR RRET ot i SRy bl B ERE (LA Rl e cagly vsed o
coReGIGEEN REbs¥ialk FopBkarapit, digitalsigmal mrocssihghis bden msd:rbno cancel out
suppressing alien crossHaIk is moye diffjcult than
or cgHPERIats FRY: efferisrof inpreble coystalky) Howaves, Reauifpliged cerosstalk is
difdhtk % nj all€ of gféﬁ%t %Ewﬁfd?méf RV prOtts GRS tecﬂ}u'qﬁéb cannot be cost
crossta cann € precisely measured of predicted.
effébtiesty epplisit althas, therdiekiskscan inabiditymp onyentiond Mables ite control alien
cally comes from unknown sources at unpredictable
a?%@@?vals [0028] As a result, conventional cabling
[OQ:H hm havsverx]x%ﬁx g\e:? g%%}grﬁ)y {fect{#{yl o(r%]‘ig cctr%t G‘élrl{lsgrlxslt high-
sp@@dm&lﬁ s%a@assdeuxﬁuﬁgd thedcorvRntisral calidsedd ﬁditQﬁS%aé ldeqo@te levels
exanpl e,” digital signal processi has been used to
ofqanisetiomend 1slatien AigahEBRAS RS m@ﬁﬁg@@% aétfsmil%lpﬂaal@aﬁ%“alk For
cro Ne
s o oS Eees B0 AR AR AR (TR cpimatcs that i

orﬂéxotbeﬁ'ﬁedﬁgeltyeﬂmeUHBGmbncmm @00 megdhent i(VEIz), a cable must
plied. Thus theriﬁeX|sts an i nabi

OB IPSAAD BiSF SRR ROSF POHCSSCTHGE of fhe cable, such as

adjacent cables. However, conventional cables of twisted conductor pairs typically

provide isolations well short of the 60 dB needed at a signal frequency of 100 MHz,
usually around 32 dB. The cables radiate about nine times more noise than is specified
for 10 Gigabit transmissions over a 100 meter cablin.g media.  Consequently,
conventional twisted pair cables cannot transmit the high-speed communications signals

accurately or efficiently.

[0030] Although other types of cables have achieved over 60 dB of isolation at 100

MHz, these types of cables have shortcomings that make their use undesirable in many
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[0029] In short, conventional cables cannot '
effectively and accurately transmt high- speed data
' << Specifically, the conventional cabl ,
v%%%@%%é&ﬁdequate | evel s of protection and isg éﬁg@ﬁa&“”3
frominpedance m smatches, attenuation, and crosstal k.
For exanple, the Institute of Electrical and
El ectronics Engineers (I EEE) estimates that in order
to effectively transmt 10 G gabit signals at 100
megahertz (MElz), a cable nmust .provide at |east 60
comuiBnishtians sysemse reugh a8 AN semsuinilissr <eshiglded Pisteg airisable or a
.. _cabl e,..such_as__adj t & _ j
fvercahfe SO il SRR R 1o PP oINS Blery GOINARIAAL R these
typek 8O¢ablck @6 cUilderabigrore fthanheshigl B twaedquirat Uasideldedystems
frequency of 100 MHz, usually around 32 dB. The .
typiesdlly| enoy signicant Aastitsavinge YVhichssayings Weredee dhfadesigability of
specy fi for { gabit LE3nsmsSia0s: Verfior8Ounshi
A e
twistedl pliedaled trecabibady eadinrstablistedsin f qubetahtiaj hawsplee dof existing
conmruni cations signals , accuragtely or efficiently.
compwHeions| AR ot hels @%@ﬁ% of, s iBEIdRd, BVISER; BAIEFables to
miffcalihiftP £q oM AtIiCNALsi HAR etlEienny ARBRLRES. Sbecifically,
ot célgqﬁ%]\%&s%o?)%mlngls tsrlfét rr%ke 1tlh)tei r usce ¥ {)wl y
it isudesirsbleafiot enshielkriedytwist@d \WBir20adgsOuG 8@ 8eve performance parameters

PCT/ UUS2004/ 034073, cO I cati.ons_systens,. ch LAN .
ade P flAHUAmIRE s Gy lagégﬁwi"ét‘?%ég‘ﬁ%‘?e}é B seBdE huftfig eficient
tran@Biskion 68 ee diBMesachi eve adequate | evels of isolation

for high-speed signals, but these types of cables

cost considerably nore than unshiel ded twi sted pairs.

Unshi el ded systens typicall ' si gni ficant cost

savi ngs, whi chSEMMARY  ERECINVENIION abi | ity of

unshi el ded systens as a transmtting nmedi um Mbreover,

conventional unshielded tw sted pair cables are

al.ready, wel | - establi.shed in [ ; r :
008y ot Ty sl uFo RG] 4F GRS it BB Roneger pair.
MotthstebigbalBd iHewhssend ipaitios elthiestd evisted paitibbmateication cables for

_ hlgh-afeed conmuni cation_signals efficiently and :
highpeseladatd gommprisiatiopnapplicatipps.j ¢) quEIdapiiE idpding at least two

€l hS L dehal B 3inhCadE N B G RESAITBRABunding
Conp%)igc:tgér?eetx%?lgs %@qegé’tcg&?% ?&rr% nt glgn?ng’ the I nt egr it y of uncing
eachiofhths pesidctdat aT bk groatisctongrarn gwisfedi gsineratly lomgidimaBy ialong the
.over the-cables, STJMVARY THE IN%%NTIQN
axis. A cable includes at least two twisted pairs and a filler. Af least two of the cables

are positioned along generally parallel axes for at least a predefined distance. The cables

are configured to efficiently and accurately propagate high-speed data signals by, among
other functions, limiting at least a subset of the following: impedance deviations, signal

attenuation, and alien crosstalk along the predefined distance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]  Certain embodirnents of present cables will now be described, by way of

' examples, with reference to the accompanying drawings, in which:
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[0031] The present invention relates to cables nmade of
twi sted conductor pairs. More specifically, the

e invention relates to twi sted pair
‘aéﬁﬁdﬁkcatlon cables for high-speed data PCT/US2004/034073

conmuni cati ons applications. A tw sted pair including
at least two conductors extends along a generally
| ongi tudi nal axis, with an insulation surrounding
each of the conductors. The conductors are tw sted
generally longitudinally along the axis. A cable .
[0033} Flaidebows alpempectivmyiawpist eablqskarpap dirdnding {Wq caples ppsitioned

are p05|t|oned al ong
longé‘@%@?lgf%l‘\@acﬁg éﬂefa(gﬁ g&%s for at |east a pr edef| ned

di stance. The cables are onf dt
(00T oo PEpPBIRGALE 1 . SHBROARE of & iy Wit f, cutavay
ther functions, lim t| ng at | east a subset of
Sea@ﬁ%q?osle ‘owi ng: i npedance devi ati ons, signal

od 4% 5‘1’0%&?%&%%‘&&&?&%%%%@%&' DRAW NGS [ 0032]
[Ooﬁ;@;&g.i ‘g‘*eggb}%g ERR”:‘{]P ’cgge %ﬁées%ﬁgnﬁ G\H%\ﬁsgfv\% Léblg QU %n% ﬁo a -first

erence
emRERSR aivkNgvafidaw ngs, in \Nhl ch: -. 10 WD 20051045855
PCT/ US2004/ 034073 [0033] Fig. 1 shows a perspective
dsEL6dShA0viEWbT GadHbRSacpeBirs toneskcond
[oo?ﬁg%%%diﬁlrﬁéﬁgﬁf’%ggﬁg to each other. [0034] F.% 2
emisldoasita per spective view of an enbodi nent of a cable,
Wth a cutaway section exposed. [0035] Fig. 3is a
[0038Y Eip.e4C iskewy iaaventxirgal trwbsstcetionrbiview [of0BGIe-aqgording to 2 third
shows an enl arged cross-sectional view of a cable
$ing to a first enbodiment of the invention.

%? 37] Fig. 4B shows_ an enl arged crﬁﬁ Sbﬁét |don Vi ew.. '
(00 l%gcﬂ%?@%%%‘b?fﬂ?fﬁ'@d FgssSeE BB Y Ve b et @ o 387orane ©
the%kr%odl%msaomuém@m @fnﬂﬁﬁian%ﬁcbﬁﬁr seebh@agk:, vi ew of a

cable according to a third enbodinent. [0039] Fig. 4D
[OOﬁSf#‘l% 30 sHBLAT eé?llfﬁ‘gé%?&o%e&tchmwﬁw W adileR s6aRbi8g B Ghe first

er accor |ng fo the enbodi nent of Figure. 4A i n
embeaditaemadf ttenimmedtiona second filler.

cm

[0041] Fig. 5B shows an enlarged cross-sectional view of a filler according to the third

embodiment_.

[0042] Fig. 6A shows a cross-sectional view'of adjacent cables touching at a-point of

contact in accordance with the first embodirnent of thc invention.

[0043] Fig. 6B shows a cross-sectional view of the adjacent cables of F:g 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.
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[0040] Fig. 5A shows an enl arged cross-sectional view
of a filler according to the first enbodi nent of the

woYRHhisess [0041] Fig. 5B shows an enlarged perus2004/034073
cross-sectional view of a filler according to %Ee

third enbodinent. [0042] Fig. 6A shows a
cross-sectional view of adjacent cables touching at a
poi nt of contact in accordance with the first

enbodi nent of the invention. [0043] Fig.” 6B shows a

crqss-sectional view of t adj acent cabl es .of Fig.. 6A
roofa ¥ e apemectiona ot oF Sreth RS e ARhERy s s dipado te
- LR8Se menal view of the adjacent cables of Fig.
ﬁrsgall\ﬁsepaerrg‘t?(gdéﬂn&gy an air pocket. [0045] Fig. 6D shows a

- C \ | .

00§19 § B L Piceloflt Gy BrRABRLBRAN pBRRnS Sl pEgli boine
the Rea 00K/ I3404B. [0046] Fig. 7 is a cross-sectional

view of longitudinally adjacent cables according to
[ookdiericf DASH Abiosy-Qaiienamiedi dreme . thir@ @4todithént o3 tivgstadl adjacent

cross-sectional view of |ongitudinally adjacent cables
cablen dotifiigured o diganeg the eablesr loagdensagthdwistsdpaits. 4D,

[0048] Fig. 9A is a cross-sectional view of the third
[0049i058gi PR it anofhet wioss-ecttiaupladen of thodwistes! adiarkeiipables of Big. 9A at

di stance.the caples' |.o ay_Jle h.tw sted pairs.
ad‘?‘%ﬁﬂ’é?oﬁi‘il%’? Sgﬁg ﬁgguéﬂ%?t‘wg&ah‘r’%étgggg%ts ?Cél\rggg Vi e\r/)v of the

tw sted adjacent cables of -Fig.. 9A at .a different ._.
10058Tes O ety ETREFECA AN V(489 YV TERd ARlF,CEbIeS of Figs. 94-

) 0t pb Qe AIofE theirdbndiddaAnY BRIenGinE SECtRAST | Onal
913\%?4[(;{/1350é tﬁesqtvvi s?e:d 531 acgént ca Iesn.of Figs. 9A- 9B at

i f f 0Si [ Lhejer ' j : -

00 PaF R kO BB Dy A A blbes of Fgs. o

9Ccxr pdffes@t positiad alvi@whedflongimdinallytesgndiaigaceions.cabl es of
Figs. 9A= 9C at a different position along their

[005anBig adishawt wn exibegedi angpsssectianahsiew] @05 23ble Beogrdid®to a further
shows an enl arged cross-sectional view of a cable

embedigeBtng to a further enbodi nent.

[0053] Fig. 11A shows an enlarged cross-sectional view of adjacent cables according to

the third embodiment of the invention.

[0054] Fig. ilB shows an enlarged cross-sectional view of the adjacent cables of Fig.

11A with a helical twist applied to each of the adjacent cables.

{0055} Fig. 12 shows a chart of a variation of twist rate applied over a length of the cable

120 according to one embodiment.

DETAILED DESCRIPTION
1. 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 rates of 10 gigabits per second. Specifically, the cables can be configured .
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[0053] Fig. 11A shows an enl arged cross-sectional view
of adjacent cables according to the third enbodi nent

“ng(;og},gﬁhggventl on. [0054] Fig. 11B shows an enl%ca]'r_ég§=2g]04/0f4073
0 Q.

cross-sectional view of the adjacent cables

1A with a helical twst applied to each of the

adj acent cables. [0055] Fig. 12 shows a chart of a
variation of twist rate applied over a Iength of the
cabl e 120 according to one enbodi nent. : DESCRI PTI ON

TAlLE ELENENTS AND DEFI NI TI ONS
to[%%(ﬁ @%P@é%?ﬁ %ﬁ steaplyvhlei maigiainina thetiptegrity of the

da@@QLﬂgﬁs_confl gured to accurately and efficiently
propagat e hi gh- speed data signals, such as data

sig%\ls atpaq)r&fael g‘gg‘g surpassing data rates of 10
P

glga Its per secon ecifically, the cables can be
[0@0 grt% -12 V\D%O 5/ 045835 P%[\@USZOOM 034073 to
PHi oi SREMPEHVN 40 4R% TENAGH §he doews JaReaSRECHYRNiW of a cabled

groip, |sRoWRicBhieRhl a0 t M0 )
pr : %I ed G ollypélg/}%wq?%gég]%ér\s’e%eoréralbinegqr?gaﬁ) pilio F]Cg@é“erc'ally along

Paé?lb&vﬁmjsor Jengitudinallyoadacaniier ssple ottiev e The eabled 120 srakbafioured to

erBh P RSP RS Ruc idioabelt 160 BRtyes U abiocci Db ghown in

F1gr 1 | tﬂa@aﬁlb&jﬂm&lﬂ/ badh@&pedent9 tRaEdH AREheirl Bén qg@lﬁﬁma] axes.
120 are _configured to create points of contact

Thenepoles (128 geavdbesrotaiod B digaiani g fwise atitse sPurtter, ms twts@wne of each
| e nt

ol 0 oy O DR 008 P SRRER" g

thg PGishmie dae be atcagumdd Ay tieH dhstlamel afta dowipSdte EvaiESycld WhidRGE referred

t rate of each cable 120 may vary over the
‘°|a8ff§t1?ft$§‘? nal length of the cable 120. As nentioned

_ 0§?fﬂ h%llt wi st rate can be nmeasured by the distance
08781, " Bhpradtss 1R iopludy efeyatedmontis leng B user edges agferred to as
ridRY 18@NThB twik@UD 8 thERGpEaRbE §aujsgsoth$: REbds Oeth%%ﬁéaeflg Jorae along

p0|nts along their outer ed erre
thg guter adge of gpobicbly B0, rdseltmgbm &e forfetoaws ds 4ih pocnaedgse and the

polﬂ%g of Qonl't]a%k ﬁ&(ﬂtl cﬁﬁleren? Iocauons a?ono the longitudinally extending cables 120.
The ridges 180 help maximize the distance between the cables 120. Specifically, the
ridges 180 of the twisted cables 120 help prevent the cables 120 from nesting together.
The cables 120 touch only at their ridges, which ridges 180 help iﬁcrease the distance
between the twisted conductor pairs 240 (not shown; see Fig. 2)l of the eables 120. At
non-contact points along the cables 120, the air pockets 160 are formed bctwecn the
cables 120. Like the ridges 180, the air pockets 160 help increase the distance between

the twisted conductor pairs 240 of the cables 120.

{00S9] By maximizing the distance, in part through twist rotations, between the
sheathed cables 120, the interference between the cables 120, especially the effects of
alien crosstalk, is reduced. As mentioned, capacitive and inductive interference fields are

known to emanate from the high-speed data signals being propagated along the cables



the outer edge of each cable 120, resulting in the
formation of the air pockets 160 and the points of

440 at different locations along the ,
Vﬁ%%@?@ﬁﬁ.na||y extendi ng cabl es 120. The rldg%gu§@8mnmn3
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 180 hel p increase the distance between the
120t wi'hg surengdn dfichorfielidsi increasry yvilbtansineiaase s@éhEFﬁ@eedzqf @ data

t he cabl 20. At ont act i
wangpige. TDroro e oo S 120 PRt B2 RS B AlnbliErencq faas by
mcr@é’sli’:&oe&stlﬁ’&s bbivntddpacehtt@BRs 180, Foh %x&hplepmélﬁﬁ&r&asbﬁ%stances

p i ncrease the distance between the tw sted
betw:mdb@pahleSpbaOr belpsoduse alige ceaspirBsbetwgen fpombies BP0 because the

cr kAl deéﬁ’?%ﬂe‘iﬁ?ﬁ Ao LR 0 Si ne

interferen en t he peci he
1008 o AThBE TiEs b AT, LT orbES 120 P deER R T pohelyce any
nun%?%? bidise1ndThdeamtdd ¥Rup nbe ST iQF1G8e fa*s%{dl’@ c@\€ 120. In some
known to enanate from fhe h@gh speed data Si gnal s

emumixmgntprtwpacghte@dl?@l gagostienehploag generaBy \neradlelolnginglng axes
2004 3 120 '
ovet ﬁ[clféjggé’?‘{mﬁ ditnce astggrl %ﬁ{;ﬁﬂ%ﬂs %0;5’1& ﬁ?'L{eﬁddg%ées 120 are

posttichBs Bloss F@ﬁﬁany—rﬂiﬁi‘ﬁlﬁﬂ rgituding 2xab betsr at 2éhsnihaiprddefinédndistance.
effects o

the interference fields by increa
In gpme a%*é@ra@tt%veéfw Repdgtinet GuIcesist 20enFgetey ifﬁﬁf%e In some
emﬁ&g‘mlaﬁlg r ch‘iix't %5@%‘: Eﬁ)barg %déﬁ@ﬁﬂehﬁ? re R S AR R&lBdiments,

uce a crosst the tabl es 120 because
thetchieles bZszse:tvssteﬂ tadetlen. crosstal k are inversely

proportional to distance. [0060] Although Fig. 1 shows
[006%D c dthk emblt2 Ogrobhel0faldretle grsedipn 2OOvidenyaniety |af d@nanynications

B3ty oS aShes 8% RSP S BERR, S EN iEson

nethdbks25&hPRS fobfNSda akbOnEk YEAR) abynudadyal linedome embodiments, the
Iongltudlnal axes over at |east a predefined

cabledgrang 200 isiconfiered dorisgiasme @pgzowrr@tww&mabwr@ebap@ne cable
are Do I I o
o { B R, TR ARAPEILER 300 bl e maivido
t\vﬁtﬁtearwlelbefhﬂﬂh&mxplammaﬂlmnts, the pr edef i ned
distance is a ten neter length. In sonme enbodinents,

t hegadj acgple \Galal es 120 are i ndependently tw sted. In
ot her enbodi nents, the cables 120 are tw sted

[odeaget rﬁéZ shows a perspective view of an embodiment of the cable 120, with a
cutaway section exposed.. The cable 120 includes a filler 200 configured to separate a
number of the twisted conductor pairs 240 (also referred to as “the twisted pairs 240,”
“the pairs 240,” and “the cabled embodiments 240”), including twisted pair 240a and
twisted pair 240b. The filler 200 extends generally along a longitudinal axis, such as the
longitudinal axis of one of the twisted pairs 240. A jacket 260 surrounds the filler 200
and the twisted pairs 240.
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[0061] The cabl ed group 100 can be used in a w de :
vari ety of communi cations applications. The cabl ed
vl QdPoLPQ may be configured for use in conmunj Laon
net wo‘r’ﬁs? such as a | ocal area network (LAN) s oss073
community. In sone enbodi nents, the cabled group 100
is configured for use as a horizontal network cable or
a backbone cable in a network community. The
configuration of the cables 120, including their _
indi vidual ., tw st tes, will be further explained
[00({}& OV\#heB.tWE‘gBI RAIRG;] é W@G% ipdependentiy grd hepeally pewisted eabout
indiVidBYY 16fgi iR BRE ! TROEviQfedidafs 288 ney k2 Qistld
o cutamafgseétion exposédF hescagpgwlzol$%%$§g§%ﬁ%nemj“xha
by Baing éwisedOatcgenéraliy dissinniars bpiat adtes, d.c.,ndiffeesnt ady lehgths, over a
tw ste onduct or 1.1s.240 (also referred to as "the
spedill BnElodiodl sy, BHig s 200 b RledDats M08 it HmeEA Gy than
the SitbedipRRNEGH @40 o twifish YWRirnWoh Was b §Hom@ihy 2 i
.tmﬁstgd pairg240b. The #?IIer 200 ex?endsyge @fg §Wtwwkﬁ
pairzd46hly Ehise i twiktéchpdir 25408 caw be Isaiglstot e al shogi lhyithingd, and the

. axjis.o of  the twi sted pgirs 240._A |acket 260 o
o BB | IR BB R b TR i
pair-2404 aMiOn2 @050 g:»'iﬁ S0P IIS20 0 AL 1 phiBA6TrostHRr Ipo'mts that

tw sted pairs 240 can be independently and.helically
are kngvgy ledeadily Gury ¢ragRtalk B@EE- | ongi t udi nal axes. The

tw sted pairs 240 may be di stingui shed from each ot her
(00641 bermshawi isthegl 2athegaris EQ inchides iheiheheallywosting sitiges 180 that

' i.e. . i ff.erent. | ay. l,enat hs,, over,a , specific
rota}e(sj g t_P % &lt‘lthl_gl ﬁgilgtt‘gﬁ%:eg. a_r{?bnut A _bo.n_gg?dlflﬁlea’{‘)w _s&bﬁ cplp _r120 can be
‘twisfebolustht Yngiv@lindraks at ¥ @hbdsycabledny lenb@is! Wshb@E bRAbfed that the
wi sted pair 240a has a shorter

240h (i.e., the t ai r | ay
lay |eggtht of thesbleneOiatiese e ipdividualiday) lengtheof thenevisigh orairg 240.
Whitpine 12404 | bt @5 BAVR ' ]

t he tﬁrvi s_?glgaggée?&%g)bd t(i)S o hav ge% %rﬁégr tlk‘g%/{ r%ngg g{l%ll.ndgnygual lay
lengthap otrthe eWisted peint 240hsre searetes), alshe Thaicabled 20pan be 24ffgured to

| d ' Ob, mi ni.m f . .
Ry L A

furthearekplaibied s tebkiln B0ihe ablEAQ64dy BaeBNEMItions. Fi 9. 2, the
cable 120 includes the helically rotating ridge 180

[0043]1at FigObadiesstwsithe fEiRP| ®018dichiy tWMstlaebodPQUbndtudinal axis.
| ongi tudi nal axis. The cable 120 can be twste about
Thet fillen 200y caru & rieistedxatsdibferenir orovariabibheist agtes elogg s predefined
dist?f‘r{}%yl[gccgl%irpg%, %ge ﬁltpeerltmb ‘%S configured to be flexible and rigid — flexible for
twisting at different twist rates and rigid for maintaining the different twist rates. The
| filler 200 should be twisted enough, i.e., have a small enough lay length, to form the air
pockets 160 between adjacent cables 120. By way of examplé only, in some
embodiments, the filler 200 is twisted at a lay length of no more than approximately one-

hundred times the lay length of one of the twisted pairs 240 in order to form the air

pockets 160. The filler 200 will be furthe; discussed in relation to Fig. 4A.

[0066]  The filler 200 and the jacket 260 can include any material that meets industry

standards. The filler can comprise but is not limited to any of the following:
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lay length of the cable 120 affects the individual |ay
| engths of the twi sted pairs 240. Wen the Iay | ength
le 120 is shortened (tighter tw st

‘%éﬁoﬁﬁéﬁgﬁdual lay l|engths of the tw sted pa| r 5%%)84/034073

are shortened, also. The cable 120 can be confi gured

to beneficially affect the lay |engths of the tw sted

pairs 240, which configurations will be further

explained in relation to the cable 120 lay | ength

I|n1tat|onsmpé0065 Fig. 2 .also shows the filler 200
polyfloreadikaxy., ¢ @’é@lm@h& YigHgthenidicHalengx | dulorotrioroethylene,
pol{/\h)!l}lle[:hlgxqge C(@ C?e A MERLEL FHaniH frgt%fﬁﬂf IQVCV doﬂ%h@d ethylene

rates g a predefined I stance. Accordingly

propylenef (HEPRY ﬂﬂﬁﬁxaﬂeé reoiddrgeth@dnd polyprabliexe,bd Eypartff ﬂlucgo;ﬂ:lymer,
-flexible for W St at different twist rates an .
flampg gptatdentROFYPHRAY %?u" R gtheh dhegppplasticmateriplss  Simladly. fhﬁéacket
€, ,
260 by Honfille BA0 AICHR 1 SHRE: SMALEY stendfias, RN gy of the
madeﬂnlwdaeuadabk_p\acent cabl es 120. By way of exanple only,
in sone enbodinents, the filler 200 is twisted at a
[ookay | angichblefi2meanTbs eorfipmredppiatxiyiadely semdardsusdh gl safety,

times the lay length of one of the, tw sted galrs 240
elemc%f@@rdlmsn*wmt@ﬂ%argﬁ r In 5055 epBodimgnisiTihg cpble) 120 ovgprises a
n t €]
horfighiel B bbLerfACURREEQ0. M (1R nfiRlelerfl G € 120 can be
comgiigyredao ea’tis&i indrstry saket gandadisdor horizontah detmosk cabfies 120. In some

| but t limted.t
crapo Bl Fg-2250 180 e SO0B FURSB B BRADRTI G Peple 120 i iser

ratd0| mfsbrie reﬁﬁJoHi‘i’ﬁ@z‘nts ifeEdaBRy fA0RreBEIaYs - The¥heinhees generated by
t hyl ene chlorotrlfluoroethylene pol yvi nyl chi ori de
the(cpu%gura@nls ehthefcatde 120 aredfurtheraxplamediglow i rgfareneatebig. 4A:
et hyl ene propyl ene (FEP), fluorinated
perELuorEE@%@iEﬁe\@@Wypropylene, a type of
fluoropolymer, flanme retardant pol ypropyl ene, and
[0068her Higlérimameagtdtio'ervmvepf anesof e twvisted| peirs 2tBe Asabken in Fig.

5, Bt AR gAY EREL 7Y o esdFE 0B BTy sosured by
insahfxe. Obo@fsB] reféa@dc&blae ‘dZiarn BEOGOoNOnguWsRduéter 300 and its
sati sfy industry standards, such as safety
surgpusding ipglator24 am helivally Aulstesingribar yeth the %@onductor 300 and
R STE0 D SRS Bb TSP B L SRk @ e

layciehgte (L20f clantwisted painfidd@urixdsdme smbodifngnisnchestwisted pair 240 is

safety standards for horizontal network cables 120. In
shigigrd - -

{0069] The twisted pair 240 can be twisted at Van'ous lay lengths. In some
embodiments, the twisted pair’s 240 conductors 300 are twisted generally longitudinally
down said axis at a specific lay length (L). In some embodiments, the lay length (L) of
the twisted pair 240 varies over a portion or all of the longitudinal distance of the twisted

pair 240, which distance may be a predefined distance or length. By way of example
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enbodi nent, the cable 120 is plenumrated. In sone
enbodi nents, the cable 120 is riser rated. In sone
wRRsh4BRt s, the cable 120 is unshielded. Thepryris2004/034073
advant ages generated by the configurations o¥’EH
cable 120 are further explained belowin reference to
Fig. 4A. C Twisted Pair View [0068] . Fig. 3 is a
perspective view of one of the twi sted pairs 240. As
shown in Fig. 3, the cabled enbodi nrent 240 i ncl udes
two conductors 300 individually insulated b

only, s Shat emlsodimante athe predefined rdistancs iy #ppropinatakyi tethmgtegs o, allow

enogglleRgh “go%cgﬁgﬂagggm{&gg%@qsoa%' L hASH L0 7hgtns.

conductor 300 and _ in tor 320 down ongi nal, .

(003 . Th grists G REP P CETERTE o i ASEP “ay siiquneluding
t

standﬁgd Joegm{n%qg% Egéﬁfmtg téxg&g% Ipr%xsizﬂﬁl g@bdﬁ h.?’ﬁﬁ@% etl'éé‘c?rmﬁgtors 300

and Thenlitods S2@ drepaninfig@xa tebave lgootwihysied aatl eleatiical sharggperistics that

th | t th t t 2
at T GRie b e anaara s Ryt Rt § BhBhe BiticLaiC 240 netps
to Qﬁ%@ Seind 11?t§ff§re§$e Bel&P@el ik Cvelné\fﬁtddfiﬂ GhA abbit itd 4:ti$e r&Bnductors
0

I ments, lay length (L) of the tmnsteddf
304 cverdingly, akwesxzas pbthei empdaetosy POQfand Hiee [ipndatery 4@a$hould be

f d h d
S b By A, L
-16 WD 2005/ 045855 PCT/ US20 4073
[00ZkEo o AGEREDETY A BT Prgt Pero encyelits 500 sl S Biagpeter of

each®8r HR! fisSlafoRs @bb%& sBRO U8 Nptdamié Malee wekw et each single (one
propagation of signals as a consequence of the

congavier 80Q b one jreRiAEY) afithe £ ssebBRipAte. The cgw@s of the cable
12(2 (f)(grfngé LIRS osutcg %s Itl{édé&%%l c¥or§§8@ %’1? qr?eiqmlsﬁ]lg o'féjbﬂg should é:zxéxply with

g gover ni ng izé o w-st ed pa
inddsEPErahdagisy In bdiae embddhmbﬁtB,Sth'éGﬁ)meﬁm@'ISL nsulzatccﬁrtlsa @Bs 120 and

are configured . to 00 Sic ct
e SRR RS CH TRy GHBPVSOR s?%?‘aﬂig e o‘ﬁs%?fables and
coﬁ{eﬁfb‘ijsarsqﬂ%h dst RTStsk e ahladings.bairanesd Embsdig@n@Aitke industry
240 hélps. to cancel out the interference fields that

dlramslcglehsmalaels ipdludmstandonsiytion Categeny eCatesmay Seoans/orggategory 6
cal ﬁ%ﬁlrf Qog?%é(%;io e SI Z%n%&c{lmérptg f2 Q%g)tfslgé B(?%l%g@ék%dd@ between

confirgure
#2b | radieen b\qte/@@gﬁ (m;eemmwm 300 [0071]
Accordingly, the diameter of each of ‘the conductors

0628 angdhher WARBERICtR! 300 of the twisted pair 240 can comprise any
conductive material that meets industry standards, including but not limited to copper
conductors 300. The insulator 320 may commprise but is not limited to thermoplastics,
ﬂuoropolymer materials, flame retardant polyethylene (FRPE), flame retardant
polypropylene (FRPP), high density polyethylene (HDPE), polypropylene (PP),
perfluoralkoxy (PFA), fluorinated ethylene propylene (FEP) in solid or foamed form,
foamed ethylene-chlorotrifiuoroethylene (ECTEE), and the like.
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each of the insulators 320 are sized to pronote
bal ance between each single (one conductor 300 and

\@%Og,@ékg\ator) of the twisted pair 240. The dj Wb&%mn

the cable 120 conponents, such as the conductor
300 and the insulators 320, should conply with
i ndustry standards. |In sone enbodi nents, the
di mensi ons, or size, of the cables 120 and their
conmponents conply with industry di nensional standards
for RJ-45 cables and connectors, such as RJ-45 jacks
andDpl udSross-sectionsl Erlvadi Cable s, the indust ry
di mensi onal standards include standards for Category

[00%33] CaFRganyshbes aneflatped Cadsegoctional viealdfake astile 120 according to
connectors. In sone enbodi nents, the size of th

a figsh pEabedinest afobe invepiiqnned s shomwn hFig ddathatesiet éé@ gurrounds the
i1 D0 andNle %\g@%ﬁ&%ts [28@% ?d40‘c:ra 80 0f24bl Qc&lﬁe@gygig @R &Q&cd pairs

of "the tw ste conpri se duct
240mptterfoah thhadablee2G | Tieu SMsyecB paingd 0s,, 24@11; | 24dicn Q4bdﬂtcan be

not limted to_coppe onduc%%ﬁ 00. . The i nsul ato
-+ disngyished, by Bivipg digst 6 o Tenggnsy Wi Sy ISHLPAE A3 48§ 240c,

I § I, o) I ;
PGSR, VR TR, USSR RO S uon i

oxddxeMSIuhyrup@ iry[mdhlydemmsm@ﬂem@o@therpdl tyvm’tcxbyalzsr%O(h@m)qg% right-hand
th?t?_cgg)lg rllilgllg \Yl (’Eh Al%%#;gét Qrd %t ?w? Stgﬁé%l eQEOb .08 )éleeg}gfcrably

sinftla) ¥he N 18hkpstRs &1 thé t’bﬂﬁt@@gﬁﬁﬂ» 24, 0hidc arargEéfera@wumm In some
like. -17 WD.2005/ 045855 PCT/ US2004/ 034

emppdments.dhe jayensthy diheotvisiss pairs 3¢03 2495 gre lasa thanaifis 1ayrengths
|
of £ cRIsAR bafi; 9365, %864, AN cp uthcnede G BRlsEearfls 240a, 2400 can
be sdferetl tonasFtlhg .shdrfer lhﬁ ang&ckmsteaﬁﬁlm (0 UHiR, bl thef tWisted pairs
0 t 24
2o apfle Bergend B sbiei8uds i o bl Sais b0, The
twie@BpRird 240 alshowil SQRUVAR JoBitidfiBd in 240Babl 496 to 248Ehize" alien

can be distinguished by having dissimlar |ay
crosgafljt hEhe spiaclive ppstiening pethephyipied 1aoa 240 401, bezﬁuﬁxer discussed
-bd%@Od may have dissimlar lay |engths, they should be
mnsted in the sane direction in order to mnimze

et 7 BB e 5 et yfn vt iR nay aig, 263 fer 200
malyfﬁrrﬂx edeHna Ssueh ab Q@adrﬂﬂt&%gdnsp ndtsregfbbeidd O6hffueed to selectively

preferably simlar t he Iagﬁ@engths of the
receiye $né HoysE 4 BATDAD, (WisiokpaiF @40 dieragipys Sym loagitudinal grooves

alo‘?)g e length of the filler 200, which grooves can house the twisted pairs 240. As-
shown in Fig. 4A, the filler 200 can include a core 410 and a number of filler dividers 400
that extend radially outward from the core 410. In some preferred embodiments, the core
410 of the filler 200 is positioned at a point approximately central to the twisted péirs
240. The filler 200 further 'ufcludes a number of legs 415 extending radially outward
from the core 410. The twisted pairs 240 can be positioned adjacent to the legs 410

and/or the filler dividers 400. In some preferred embodiments, the length of each leg 415
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enbodi nents, the lay lengths of the twisted pairs
240a, 240c are less than the lay lengths of the
LSk irs 240b, 240d. In such enbodi nents

‘%e\é\\nﬂz@t@%s%gi rs 240a, 240c can be referred to 5%{/p§ 04/034073

shorter lay length tw sted pairs 240a, 240c, and the

twisted pairs 240b, 240d can be referred to as the

| onger lay length twi sted pairs 240b, 240d. The ,

twi sted pairs 240 are shown sel ectively positioned in .

the cabl'e 120 to m nim ze-alien crosstalk. The - .
is yeleatit garerablysequabrd rappokimhtely Whe tdiangrear of BdOwidted pagr 240
further .di squssed.  bel ow. 074] The filler 200 can be
selelﬁggthp%%técgleglagﬁ&enlrfpet‘ﬁ?%gsngg pairs 240. The filler 200

ormregions, such as _quadrant ai ons, each

f |
[007%& onhbieadHe sRtlitefuree 440 @ahééillevés cap dgapipaed el as a base
porP&Vﬁﬁ) & JH@EPE%O&E .WIASiF %%g&%‘gecféﬁaﬁ-%éag?ﬁa?%ﬁec%ﬁ {hg :flrﬁer 200

ongl t udi nal grooves ~ a
acc@fihg tatthecfirsy ernbadimentarin FogisiA { the filler 20@thchgies 8 b2st0porAén 500

el P Lheribibal o fividees S0Py HHLRe cas or Eheafilesdbhgln some
emﬁcﬁﬁ’fhé’i{ti,)(hé)ws!\?l‘)ﬁioﬁ 50MHchR1es A0 tpgx% Bf tﬂlerﬁli%Q gg% G{agﬁc%srrﬁ)g extend

enbodi nents, the core 410 of"the filler

beypud thei dharaeiemof the pwisiet paipp24Qi whilekhe tvasied phirt 244t dre selectively

_twisted pair 24Q. The,. fi r,200..further jnclude
novjst 84 BE s T bl B 2007 T A GO PEY R sl miitg 0 shoutd
be pdigioned &djAckat to thelepy B Fdhe BhdcSpozddh SG0MEe ANSI dgooned

adj acent to the legs 410 and/or the filler dividers

00980 K g s g URIRIEN 0, il 3001 o6l e

extensess  420ne a0 y(coliagtivdly t'ohe pitlieyx extansdns #P@")dexaersling radially

R L L —

theClegse4 ¥b10f tie bdse pbitldnes0020Whe sk tdnioned WY tethetl@g @35 anay extend
base portion_ 500 .0of the filler 200. Fig. 5A is an :

radgfly SPGETd Vs FoRdhe PERAOTHORAPQ Pt tepY F prEfefined gptent. As shown

in BeCAAUAOFEOSANGelbigh oEBROPkdmAhed bitefil Bay BE-d;

"1 |l er 20()1%i ncl udes %ﬁ base port i IS% £06 ]tgﬁ)ét ecdéfrgpa?fnsgosf cach

exterseon| 428e, 4206, Thh prafieliadenxsent 0 thaextendien 426ads efledgtie E1, while

filler 200, I one,__enbodi nent he. base portion. 500
ettt Sy BBt SR RGO For Yot Erai 056 STUpAment, the
predefiret @xtcheyomel ek bnsich 4006k & 16dst hfiokiwiatd Ponddhder 8 diameter

while the tw.sted pairs 240 are selectively "housed b

. . . . Yy
of enseot thsgfetied pasis?dfl hpysed b the: Filler 200 0By hests dpregefined dxgent of
at Y% §§p§8’xim{eﬁ}$th?s4cﬁstmg%g filler extension 420 offsets the filler 200, thereby
helping to decrease alien crosstalk between adjacent cables 120 by maxirnizing the

distance between the respective twisted pairs 240 of the adjacent cables 120.

[0077]  Fig. 4A shows a reference point 425 located at a position on each leg 415 of
the filler 200. The reference point 425 is useful for measuring the distance between
adjacently positioned cables 120. The reference point 425 is located at a certain length
away from the core 410 of the filler 200. In Fig. 4A and other preferred embodiments,

the reference point 425 is located at approximmately the midpoint of each leg 415. In other
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be positioned adjacent to the |egs 415 of the base
portion 500 of the filler 200. [0076] Referring back

4A, the filler 200 can include a nunb
‘%‘?ﬁ@sﬁ'ssext ensi ons 420a, 420b (collectively F{%’%ZOWOMO”

filler extensions 420") extending radially outward in
different directions fromthe base portion 500, and
specifically extending from the |egs 415 of the base
portion 500. The extension 420 to the |eg 415 may
"extend radially outward-away fromthe base portion
woRldOsoie érﬁl&tﬁﬁm&w frethelt itadfeestice Ij)bint ARS5shavwosition thatgis dfanced

and Fi g. the length of the redefined_extent may
ffO@ethllcpfeei’f]e%by PRPrOBEATlY eRt-BAS flnlcngtn of Mgofiameig of one of the

exfgent of the extension 420a is a length
ho‘%?’&%éepggrt'he predefined extent of the extension 420b
I n,sope i pents, the e
r0dz3} &G 20 ol DRt SO TER s apBigp B SRR fguse e
twiSRE paHADAE®T Fé e afhpRIMBleETller 200 @aken@fuder@rvw Siapes Bl Edoes that
240 housed by the, filler 200. haV|n a predefine

ger@‘kitﬂé’rﬁt tothe shapd efzBe twipipd e%rsrr%&oa qqﬂh@g » heaitéged paes 240 are
|l er ex fe I 0

<o i o¥h FHLF AR AERIT R it ool Py BNy s 4

shcﬁ;&bbﬂxas tkﬂeZﬂilld@)Qon&xia}rﬂmluﬂg cbheave d:lus.tearmmﬁlgmtev!/eterhdube the twisted

paigg 0. ft-’é%%ﬂthvp“h%fs%%;tﬁé ronied &eiapdh dhe oo 20 hafps to GEneraly fix
the ggfé‘{e s MP XD ggklﬁgn %tlﬁqpslﬁecl:teg) 6}1@ Hothdrhendrédy) %ﬁmrmzmo

R referen poi nt 42571 s useful for neasuring
impédench é¢vaatives bed v@@cnnvadpwmtloyerpm lengthed tbabitde 120, which

120, ojnt 425 is located at t ai
befah gt o S RO Bor o 410 of the 11l er 200, I

4A f
0190 o oReE e 0 GonEhs effh C MBI ORI ApiDF QUISFirEPgiop 20 may be

coRti SR 1 ot ©BSINet 8®. 4R exhdpRl HFig. 44, 8acHQf the filler extensions
5005/ 045855 PCTI US2004) 034073 wo %Is some enbodi ment s

420 mneu@pebqyn@l Frefweredeeohbe ﬁtos&gﬁ@twml aeqpisitil¢ashonehelt the gwisted

oot HOCRE GHATANG0L R B QP PR LRy 98 s, e

extem;lshﬁwmltdnﬁ a4 fropl ¢ 83se Poeidni J00e Tzl lereytehsios Hapeektends
to configure the regions to fittingl use.the |

beygidsthe grqsssesional greaiy Fhee%'éﬁ‘p‘; pair o M‘ e il pai 2404 by the

d1§ftﬁgles ). CHL \iedliaS PARRR ﬁl’édﬁﬁéigé%%en"sﬁﬁtéﬁc%e@ﬁéﬁdsl Yeybhd theé cross-

ape of the twsfed pairs 240. Accordingly, the

~ settivingt exta péithes tvd#d paie 248bhed the magted Pairg?4pcdyaibesdistaire (E2).

Aéfklrc{lglly 2tge flﬁer cx\{\éntsgnsn 45({] may b y 5 dl%rent 1: rgotﬁsxgrgpl the extelgslon length

(El) is greater than the extension length (EZ!). As a result, the filler extension 420a has a

cross-sectional area that is larger than the cross-sectional area of the filler extension 420b.

(00801 The offset filler 200 helps minimize alien crosstalk. In addition, alien
crosstalk between adjacent cables 120 can be further minimized by offsetting the filler |
200 by at least a minimum amount. Accordingly, the extension lengths of symmetric_ally
positioned filler extensions 420 should be different to off'set the filler 200. The filler 200

should be offset enough to help form the air pockets 160 between helically twisted
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shows that the filler 200 may include concave curves
configured to house the twisted pairs 240. By tightly
L h@e.ihe twisted pairs 240, the filler 200 ,
“32%"2?’2??% fix the twisted pairs 240 in posi t‘u’%ﬁbg&%ﬁé"%"”
respect to one another, thereby mnimzing inpedance
devi ations and capacitive unbal ance over the |ength of
the cable 120, which benefit will be further
di scussed bel ow. [0079] The filler 200 can be offset.
Specifically, the filler extension 420 may be .
adjmenft ¢ahles d20.t Bheodif paskets 60 shiqule be dayge crpighdy Aelplregintain at least
Fig. 4A. .each_of the filler. extensio 420 ext ends
o U AR SRR ture R SaDieg 420 AT b el Sprogefined
lenktB % theOfiacait chhles 1201 Ih additi®Ri the o4 filleh TUD dfedpkbnticables 120
referred to as the predefined extent. In other words,
cant fuactienx teedisianeesthg dongex tle iengita {wisted npaitic249hs 4¢rb of jope of the
00,,~The.fill er.extension,420 e b n he I
cabfdoia0 Bt S S Bl BB SHENE 1%, prgrimiy
cablivng SdrbdRadnts, 24480 afRy tHehghortehi Iaanat( Ev)sted Baisd D#dAr240c. For
fashion, the filler extension 420b_extends beyond the
exampiadu serae embriimens.dbe grtensipg lenw8(BY) isapprozimaiely fyottinees the

: i r o ! _ ‘ _
b3 B2 300 Bt LA o L enpep il T Yo
lengthg(E1) iheppeotimasiyoh04 émpeh(1.QH nn)s agd eébd extendiamnlenhth (E2) is
extensiopn | ength ) .result, the fil]er )
PRI 104 SO QS OR im0 Db ER Tk the Sortgat {ay dgngifypairs 2400,

240E680 B BRcddRext N18She I6fdebOBRIen@bLAM0R tbhBakimitekhe distance
ext ensi on 420b. [0080] The offset filler 200 hel ps

betwiepn thedengaley lngibipeiss 24{Ibk 240dranlpaiy tougsade afjacent noise sources.
crosstal k between adj acent cables 120 can be further
[008ithi m Nednbyshotifisgtreipatip goditibheah fill@GRtdngions 42k bs of different

, Ni. mu : or di nql .t he . extensi I t hs_,of
egyiab LI e AL TR Sl Foyib i o R il 1B Bkaly e
at RRsdh frhigineih dkengbi I&igth. hen fodrli®iar2 @6k filiBe ektehdi®s 2810 should

shoul d be offset enough to heggdforn1the air pockets

exteBd beonteSHOEEPIUontl aca ity b sted FBITHER Y sumEh 43 4sip form the air |
poa\gi%%éoeqs %5%1& cﬁdgés'a%.?rlﬂat%p haﬁta?lg Qvlzislg%l,e whlch air poclé%ts 160

pocket's ge enoug el p maintain
cal deft maimaiavar ke avi approxmmwlics anoeubeswoeege didjaace between the

cabl es 120 over | east redefined. |ength of the '
SR EaNES LADPES sl bR JrPedE n 0B PR LR ol preterred
erdB8inRints2 8 1858 Bhe SR BHerlekBonsionl 400/8&ich@bdyand it G dge of a

the longer tay length tw sted pairs 240b, 240d of one
crass-sediionalgatd st 126t dngrof tiks twisias prirp RO by St thestaatieaaviarier of the
diar}gétg’re(d§8fl'tfng Sate t%vlils%gd gﬁr ﬁllO?&'ﬁilg Eh%xtlwrlrgtéa/ pair 240 is housed adjacent to
the filler 200. In other preferred embodiments, an air pocket 160 is formed having a
maximum extent of at least 0.1 times the diameter of a diameter of one of the cables 120.
The effects of the extension lengths (E1, E2) and the offset filler 200 on alien crosstalk

will be further discussed below.

[0082]  The cross-sectional area of the filler 200 can be enlarged to help improve the
performance of the cable 200. Specifically, the filler extension 420 of the cable 120 can .
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cabl i ng enbodi ments, than are the shorter lay |ength
twi sted pairs 240a, 240c. For exanple, in sone
' ts, the extension length (El) is

_apprg/y(“lggnga%tel y two tines the extension |engt hP?TI':L%Z.OMéV“B
way of exanple only, in sone enbodi nents, the

extension length (El) is approximately 0.04 inches-
(1.016 nm, and the extension length (E2) is
approximately 0.02 inches (0.508 mm). Subsequently, ,
~the longer lay length pairs 240b, 240d could be

be qullagasid esgexedingsdirndially owigjest toasard i jatked 209, to helpx@ensraly fix

‘the distapee. between the |ong |ay lLength pairs.240b
the igigd 2R 2] oottt e et i g Se SRR B R 1A, the
filldNRkteRdibk @b@,%ﬂ)b%@bk%zﬁﬁédl 36 ERgirisk aifEdreht blogd-sectional areas.
extensi ons 420 be of different |lengths to offset the

Spetifichlly, tyoenlarging thie| qregs-sesticmak jaeas of 2 ofillerh 0%; dhe amgderjrable
ef.er ab ext en | eas Nl NS .
et appto i B 40 cofREe PR B RelrEEeq Norcby making
the SHQULTD cHp¥blepd phEyaitt & HE08Ra sRed Winlkkahn Aitemingf sighae integrity.
twi sted pairs 240 enough to help formthe air pockets
Thesg bensBts\ieillbe fethes discussehPdev120 that are helically

tw sted, which air pockets 160 can hel(g mai ntai n_at
[008Hast Famhegpipe oxierradgss of thenfiliar prtensiges 43 € ccanbe cherdde support

th j.acent,. cabl es . ' def |
e s 9 B B B8 A S Pyl Shh U B s o0
Thétuiverss oD ohtet Ragdsi bfl B Eldreacemivas 4200 dxipgn@Simprove the
beyond the outer edge of a _cross-sectional area of at . -
perfas@anceopfe thef cablfe 120yt BENIPIZInG imatsapse Fpispwipdips and capacitive
i ¥ inodd L8k M
LSRR o R A0 lnkclhe Sy D8 PR 0
redach the ambutitoof aithie the tdbde 12008nd genentdindix three¢mnpaments of the cable
nbodi. ment.s n_ alr_pocket Q .is.forned Vi
1o B BT R Re thd, pBRGSE oroR I ACHRE P i afbogr: 19 one
andlher T84 €6me refétecdodmbdiemend) |ths jatRé. 260 The opdression fixtedt dver the

_extension [engths (E, Ez%)l@and the offset filler 200
fillen2Q0) prch ther asted | nairs Py penafihef thess calERyen@tilbpe further

dis%&@ cloyle cross-sectional area of the filler 200 can
e enlarged to help inprove the performance of the

oL ¢ AR msSRREincns 310 fugriBeeesc B aRiE TR OB A Fgomoante
120 eTRNtidHey @80 are elpvated adldifferdl: heightahdcprdinit watiek leomhy of the filler
- the jacket 260, to help generally fix the tw st

d .
extgeions 4o An s in B8 &bt MerddfretiVarib myre dntiaeinan Ake ridge
18(%]0‘&@13' Reifd & ot did Eabidsl 1708H GrakeRS1AlSe 4708 crdtéBHk between

can be expanded to conprise different cross-sectiona
adjacemasables 120, which characteristic will be further discussed below.

[0085] A measure of the greatest diameter (D1) of the cable 120" is also shown in Fig.
4A. For the cable 120 shown in Fig. 4A, the diameter (D1) is the distance between the |
ridge 180a aﬁd the ridge 180b. As mentioned above, the cable 120 can be a particular
size or diameter such that it complies with certain industry standards. For example, the

cable 120 may be a size that complies with Category 5, Category 5e, and/or Category 6



Specifically, by enlarging the cross-sectional areas
of the filler 200, the undesirable effects of

£ msmatch and capacitive unbal ance
wné%ﬁ%é{zlgd t hereby nmaking the cable 120 capglfaclerm521004/034073

perforn1ng at high data rates while maintaining signa

integrity. These benefits wll be further discussed

bel ow. [0083] Further, the outer edges of the filler

ext ensi ons 420 can be curved to support the jacket

260 while allowng the jacket 260 to tightly fit over
unshikkeledl ichlex: Eyn@msf@nﬂmﬁﬂmﬂmiﬁh@mcunﬂuﬂumanmﬂh¢&bnmuuéDl)of

edges,.of the fill xtensj ons 420 hel ps to inprove
the GRS Mﬂamﬁwnﬁzﬁﬂﬁwé?@?@ 0 by M nim zi ng
i npedance m smat ches. and_capaci ti ve . unbal ance
[008eci Bw&amwnaoylth exisiingimenspyal sgadaes forHanshigldeditwisted pair
UG eraIRY,
cabga?,ghtla %ﬂ)"? {eidcéa aS%lger@%cg{&Ste ‘hé%a )116‘%%? C)%b%eEchonpg{rPlg the cable
1200¢tart headidabbee sutlsfituted fcﬁrosldategn:y b nmishmbldngi thitde dasa tieowsrk of

of the tw sted pair 40 wi.th respect .t one anot her .
COHFH”T%E}PémﬂF‘é‘F%?’ F*&’&ebé&ﬁ HigteinEeast fie 3vaiRRIe dofprrpgation speeds
bet@@éﬁpﬁl‘ésd‘%'vf}@s f 'ftuhﬁgr %eé'abteh?,?o tad bEre# @Rdedtile with existing

tw sted pairs 240. The benefit of thesé attributes
compedtdr bevices t dngr sclmhrxmussBGJSbeuhg\Apab[l@OBX] CEne belp [improve  the

ext ensi ons_420 form Srl'?Fd 180 aI ng t he outer
COI%IB%C%P"? PRECARRITEeey lce lé"g@% ‘are el evated at

h d he | hs of
00F7Y | orToianfy gaﬁ%is%ﬁ%°t%¥‘ﬂwé%a§qsﬁn§%%t AR eppoRimggs o

mclll%Qavah@umxﬁb&L %H@tc%ﬂ!ﬁ dupfonk 8 flied @R tendidAP 420N AnP@luBDer of
_ fset the cables 120 in order to reduce alien -

ﬁllzrreaiwmahk%ﬂammbmuseddp Herpase @aldisea@cqmetwm edbles 120 positioned
araterlstlc rth

pro%gmr%% fo one cﬁot}%eﬁe brPl(leaar ég er ch ens %@f? %ﬂfer{ﬂ?}c Or § rB.}QaISl]engths

canl B ussd.al B giawee iprovided. betdden Ehar adjhenc alables 112).0 BN ake filler
In Fig

expue g e e A ey et bbb i 155 e
catBOMR,  ThNBnfeaihididhtS ¥ @@er@d@qg biSeY @l facifitAL (R distancing of
diameter such that it conplies wth certain industry

thegtablesl 42@18s thEspblex &2fhire indi tiduallyablated] ZThemd§sebBller A10ztben helps

. that c L es Wt t egor t egory..5e, and{,or

olaly b g Ur SRba8 s R0 SRR B ol B85 B e enerated by

andtﬁéi'fbh&'e@quQﬁﬁkeﬁsprmoNay of exanple only, in sone
enbodi nents, the dianmeter (D) of the cable 120 is no

[00%8] € t’f@ﬂlugt‘rgté ek ABPIRS of Bthe3BmBMiments of the cable 120, Figs. 4B-4C

show various different embodiments of the cable 120. Fig. 4B shows an enlarged cross-

sectional view of a cable 120’ according to a second embodiment... The cable 120’ shown
inFig. 4B includes a filler 200" that includes three legs 415 and three filler extensions 420
extending away from the legs 415 and beyond the cross-sectional areas of the twisted
pairs 240. Each of the legs 415 includes the reference point 415. The filler 200" can
function in any of the ways discussed above in relation to the filler 200, including helping

to distance adjacently positioned cables 120° from one another.
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[0086] By conplying with existing dinensional
standards for unshielded twi sted pair cables, the

can easily be used to replace existj o
Vggg%g/g&%or exanpl e, the cable 120 can readi+€ﬂ8%2004/034073
substituted for a category 6 unshielded cable in a
network of communi cati on devices, thereby helping to
i ncrease the avail abl e data propagati on speeds
bet ween the devices. Further, the cable 120 can be

readi |y connectable with existing connector devices
[0G894 sc%@#ﬁéy, 4G shevie ag £8lasgetogossasectienad vi@prafve cable 120"

th 0 i cati.ons. s e, Vi ces. of~existin
e FE TR AR RG0S Rl £8P0 b Moo
of @2gk eSiaa0 9nd Zler OttERIonCAIPOEH tERIAS 2\ &N frob 6kl BE thelelc®USS and

nunbers and configurations of filler extensions 420.

beygiyd the gisi-sastional jafqacqf abylgashengo Ak theotyisigd ppiss #48d The legs 415
. r : e i hioned o
inc L BERIbE ! 2RE 0 IR EAERAE o Ry O3 o8 e «C
car} BO fitiér dividter400t T fHie206( cdnenigt fusictiein &gy of e@d. wadjsehat the
di s(g ance provi ded between the adjacent cables .120 by
fillep 0% Gap|fwictiogy t ensi ons 420 reduces the effects of
i nterference by increasing the distance between the

[0} esFig2TP showssp walaggeg seRsmapational ew of thechillexgdfG” qiccording to
of:f . i Lyict e diest i " . :
AR A s R G B 5B BOCRS, Rb” kb TR Ehase portion
5001 hawhg & nhinber FQEsst4iSrandehpaxtensial 42exepding ol grom the base

cable's 120 twisted pairs 240 fromthe aliep crosstalk .
POGARcISY 8 woreafﬁ%ﬂlﬂ YeRteram 2§ A vipsleed 4.53@9 <ths Jgse portion
- 5000088] 5H endld fd8t fadisa ﬁﬁiﬁ@bep%si%n&i DBhceRMBAEL BRI Sortbn 500",

the cable 120, Figs. 4B-4C ‘"show various differen
Therristsabine At Gexddnds hway frbinghd Bape phitipn MB” dhewsartrapproximately the
BBt B°e cBBEuRM ol LRR oB. GRAELARL ipstyces four s
415haivnthe itwisfed @airstBi0 aljdcentas thee fekd 457, 2OM oftthallegs pidb wielse base

three Legs 415 and three filler extensions 420
Pogtiqnettl S ludgiipe FIBRRIROMEgS: 415 and beyond t he

cross-sectional areas of the twsted pairs 240. Each
[0891]t heThe fidlen 260 jcar |bgdeniigued gt eheh vayp §h distansingrpdjacenty

osidoh cbf] 1002%or LURGHHA, W 14l 80Ty EiodlRYRed]
P aibc()’ve T eI2at :Fgrn to t%ie,lc’f :1? er Sg%‘o, iﬁﬁ%?u%is'%aé&%ﬁle\qew of
théredtjde 20 artdothel filea2(eacacijdanpentthy eppbaditnennefdrigaddAcia chbabination
from.one apother, :?3 WO 2005/ 04- 5855 .
VT GRBOBARBEATRY PROGESE ST TS Gbie 1y, THE TUKGR005h can be
heBBhIRS GRS CIRTSASHAME 8RR 120, BV cufoRbhioriRiable 120. By being
positioned along the cable 120, the filler 200"" can be positioned in between adjacently
placed cables 120 and maintain a distance between them. As the filler 200"" helically
twists about the cable 120, it prevents adjacent cables 120 from nesting together. The

filler 200"" may be positioned along any embodiment of the cable 120. In some

embodiments, the filler 200"" is positioned along the twisted pairs 240.

[0092] The configuration of the cables 120, such as the embodiments shown in Figs.

4A-4D, are able to adequately maintain the integrity of the high-speed data signals being
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according to a third enbodi nent, which cable 120"
includes a filler 200" with a nunber of |egs 415 and
‘?ﬁ ML&EI ext ensi on 420 extendi ng amay fron1o$

& Tegs 415 and beyond the cross-sectional BES%?“m““”
at Ieast one of the tw sted pairs 240. The |egs 415
i nclude the reference points 425. In other
embodi nents, the | egs 415 shown in Fig. 4C can be
filler dividers 400. The filler 200" can al so function
in any of the ways that the filler 200 can function.

propagd]ovEr the caBesPnshgwallps B3y canablepf sueh pohienmapredue to a
| er. a nb
e R G D
corfRSAtiBA hélpho R@hse R lde&n@e betdeer tof wliegs phdb ’Bm)doﬂ idjacent
ext ensi on 420 ext endi ng ?/cf romthe base port

it

ca@@dzoaﬁmrebmdéms@@@. qﬁe@rmf hetasstalic.ofiecond. e qah’@s ﬂ%@gan be
L th
copigiefn 538 15, Sl R idhe g ABpR B0 B BB nost prone o

alifOdrbdseillk, @30 the loh b 18xleaftA It@ﬂte@%ﬁlreﬂl@ﬂ czaoav\mmfdr tenchibies 120
base portion 500" by at | east approxi mately

mayrbefenfignser wxhadmredufs theraPachbtsarRiRS E‘HWPP fhﬁ TPYI@IBC‘ pgirs 240
by:u!ﬂ ro(' nlaltﬁg c&gggﬂl@pﬁ ﬂﬂg %felé‘c%prloﬁ&ﬁ?*s célf]tﬁe mawﬁatgwglrroundmc the

st ed pairs adj acent to t egs . of
twisted plaﬁg3404150mfth ttixecabies 20 qaorbelconﬁgméﬂ toi rmnhmxiesthc lveriations in
. reference 0|nt 425. [0091 e filll 0. can_.b
impe#nT g AV Ed't B ievsthdp e " Sarice gﬂfg%fesc Bfi i cable 120
coﬁg?ﬁc‘htso@% GAbh e dadf 1206s B%8R! Berebl FeditiAeSH@NE @fenuation.

arged cross-sectional view of the cable “120 and
Fiftheh¢ ickbles 12D0ambe @puﬁxgugect tp rqqlecee%dmm@mof dnstenggs of parallel

n .conbi e . _
sl Bieneal ooy Pha Rty 55 hcebies 128 Yty minimping the
OCblﬁTeﬂb@ df@akitipnd Matsire gramb aolbliad cmg;tzﬂlh eThablfmtﬂrz@ .andmdvantages

any onent of the cable 1 ., being positioned
Oféflletfr‘i‘ﬁl nE%O wHbnw hodiscysird 1f"lf‘i“lt 9%‘(5 " can be

positioned in between adjacently placed cables 120
and E‘THI niistanee Mpximizationhet ween t hem As the filler

200"" helically tw sts about the cable 120, it
[0p98v enThe cahjesdefcar bprenisyred tp mepimies the gsregeiamel Propa°atm°

The fill t
it Heb o v T 998504 6088, 8088 s 040 f pcen
cabiek 1120. ZpRciticlly, pas disianting o ltien gabidsel 20wiedtied thmmfkcts of alien

240. [0092] The configuration of the _cables 120,
crgssiafli o AS PRRIHPREH 1ROVEh BRmagh: ey of tﬂ%ﬁ"@ﬁ) thaf catsgh pen afosstalk

intain the integrity of the high-speed
w%%mgug%gnéfggbelng -24

[0094] The adjacent cables 120 can be individually and hehcally twisted along

generally parallel axes as shown in Fig. 1 such that the points of contact 140 and the air
pockets 160 shown in Fig. 1 are formed at various positions along the adjacent cables
120. The cables 120 may be twisted so that the ridges 180 form the points of contact 140
between the cables 120, as discussed in relation to Fig. 1. Accordingly, at various
positions along the longitudinal axes, the adjacent cables 120 may touch at their ridges

180. At non-contact points, the adjacent cables 120 can be separated by the air pockets
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WD 2005/ 045855 PCT/ US2004/ 034073 propagat ed over the
cabl es 120. The cables 120 are capabl e of such '
ce due to a nunber of features, inc

TR ORERRC . 0 0 e Tl o ng. First, the '%:&'211%“4’034073

configurations help to increase the distance: between

the twi sted pairs 240 of adjacent cables 120, thereby

reducing the effects of alien crosstal k. Second, the

cabl es 120 can be configured to increase the distance

bet ween t he radiating sources that are nost prone to .
160.a(The galelen $2Q anay, beccogliguredh &0 insrages theadistansecheivesh reagtwisted:

40D, cabl-e
pairl 2H & B aetig Op et dao PSR ol igpy rocucing
alielP&byvesk I:h&idit\Mrﬁ b? ﬁismﬁla r&hddAlzednelicIRHANhE ortdi€ferent adjacent
consi stency of the dielectric properties of the

cablesai 2k ithel disiBaes briwermige eAecent gpldles 42¢ & maxiparyd o disepuraging
nestmcr%f ﬁ}%bad ac%xft%aﬁl%y 12Fin$02 Y RE 2hS tlhg? nimze the

edance over |ts engt h by

|nt ng, th i cal att s of.t bl e
oo el L D S b BBl 0L 22 nge
lay Feﬁ'&tﬁ eRtdd I229b smaalAsahémaa laBove, tiel Ibhdr 1zt>h ®ngth twisted
cabl es 120 can be confi gured to reduce the nurber —of

pairg %Qba%%ar@fmmmmép ahqwrgstSéaék Benrase hehetes iy length twisted
palr% 2@(9& YQHHé n%Jc&d%%&?%@&ab?e@bi’?%Sxin%ggeleémg' g&smo e,lnl%noer lay

occurrences positi1ons are
lengtlt osistedl pairs DAOb e2408aproxiamteatadtha dumestafjies exfbﬁ51bhe420a of each
cables 120 w ]l now be discussed_in further

cabley P0atoc Bribakidatanse i Bh 19se0 Y Frathc hised peitg ?égh BéOd This

conﬁ&ﬂ&dc&%ﬂ%éfﬁrtﬂ&%&h&@d bdigwdegr adati on of propagating
I gh-speed signals by maxi m zing the di stance between

the tw §t ed E@’ﬁﬁ“‘gz g(fbfbleafllv%@em cabl es 120.
[

Specifically, st anC| ng of the cables 120 reduces

[0056& e’fllieeg” %&B&f b%*v%%ﬂe | e dé&%tﬁ)ﬁeé%aﬁgpﬁif Qa%dbeag:%&ﬁmzed by

e nagni cause al I'en
twistihg Shd aﬂjacemmbm M0td diffatenesdle [HO0RALthIheBadearetwisted at

cabl es 1 C VI dual Iy, and l-i cal I tw st ed
ff%fplatﬁ@tesg B‘?ai(ﬁ 950%9 § afjacgyceblsy 1%@ gmo'afw Mgth the ygigys of

the Bt!ﬂ@ft caEf&eIZBOihQFe’Ey AfscGRMMiRLS ndkfiflc ARChhdIE ofihe calQCKEH f relation
shown in |g 1are?0rrre at “vari ous pOS|t|OnS

to oab @m}httrh eAcndfdingmt the diffeeant layzlen gtithefl halatiesent Q@blnayz% gelp to

d so that the r O f.or h ol nts, of
* mrofel B Gscbiabt Bttt o 60 dab o020 ar el oy encent
cable€ 120 kWi B Fipgl hdve m&@dtdawﬁh%ths .{Thataford) dse nupSdridndnsze of
al ong the | ongitudinal axes e adjacent cabl es 120
the pig pog @Cwoafprrp%bth?qnd@fe@blm 120 are maximized.

{0097]  The cable 120 can be configured to help ensure that adjécently placed sub-
sections of the cable 120 do not have the same twist rate at any point along the length of
the sub-sections. To this end, the cable 120 may be helically twisted along at least a
predefined length of the cable 120. The helical twisting includes a torsional rotation of
the cable about a generally longitudinal axis. The helical twisting of the cable 120 may

be varied over the predefined length so that the cable lay length of the cable 120 either
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180. At non-contact points, the adjacent cables. 120
can be separated by the air pockets -25 WD
wY b heao55 PCT/ US2004/ 034073 160. The Cableﬁcnﬁggwmnuws
may be configured to increase the distance be
their twisted pairs 240 at both the points of contact
140 and the non-contact points, thereby reducing
alien crosstalk. In addition, by using a randoni zed
helical twi sting for different adjacent cables 120,

| t he di stance between th acent cabLes %ég
contiptRRTHY SBEFORYS i sBURUYOHG CEHESES fycoitne PGyt dret.  For
ex @Q' e cgr 0 15 nfa§ b8 iy RRdl R 2 QRALANAbIRAkY 1eh QA% L M PIISE elong

€ cabfes 120 tan be configured to naxifmally distance
the ¢abid 120. oflgrecabld lay ldngthgctaln coniigtalypdecressaihcabA . is Avisted

nment i oned ab e | engt h, t WSt . pairs
tgRRonEBRRE S e A e ey eato PR P40 s ABieenea.
As trhgemﬁﬁqfttﬁé cﬁlﬁé’ 1b& ﬁ%ﬁt@m; Whé li@thncBabétseddt 8R, spadRe ridges 180

Accordingly, the cables 120 may sel ectively p03|t|on

alongftige taluf@b’lo degsgasel élvgsetquwms wém blael }rrgdein@@ lengipoyf the cable 120

i sBiafited g o s TeHar ard i tor Bt SRS R e 56 one

anoth¥#, $h& duhddctisns240ie ca\41@d190Thns ha\&DﬂlffﬂcﬂimE aiblo mmehgthbe This
further discussed below. 1. Randoni zed Cabl e

dlscp@r@s@lthméb—a@slpw&@mH@@V@ewaﬁfajarahféﬁweythb6@8@% J&Qe?f the cables
(S]

120 SHIGE el er iy LS, i crdtfl bldfic B Eibns by

maxiiizhe theadistafidef beewemt theat eFurthdre tmedlkfsremf tvaisteragds ¢fthéne sub-

adj acent  cabl e 120d ot align with the valleys o
sectas Ne{ETBIET BB Lo SsS ABY BiSPCE Begh ARy ot e g otween

the, Qbt-SHEBR o R tHe gﬁe&ﬁgé@ﬁnéﬁo Hm@oih@'eﬁiﬂo@ﬁnenﬁsotkﬁrh@eraoe dlstance
anot her. Accor the different lay |engths of the

betwetindbe ntoseﬁarﬂswnm@féxemqg points A2 okeach thf 8 sestipge is at least

oneghﬁf glggc}lgancebq‘% tﬁle(:j Jie%% {)1 QJ’tf;c%}_al} gﬁlei Fg{ae\r}sg&g?:?(? Ztrhg H}gdeﬁned

extdnyofl th@ gith&ctickhevafths predéfirednergter and size of the
air pockets 160 fornmed between the cables 120 are

[009%yXi MBzEshse HRQAFE 170 & ﬁeaiabley f#dbte€ anraf@oynaigny £bstatong the
hel p ensure that adbacentl | aced sub- sections of

predefined dpngih.1the fillst 20, g vister PaEE4Q-vingfor the gacket 26f) can be
Wil %%1{%%91%%12 ’Ji“}ELgnﬁﬁE I?illgf ’7%(1 R @&H?e@ G ﬂ@sandm tﬁé'b'aéket 260

él'i cal w st ed al ong -at
canl atstistad smnhetdaftha‘ienbspc&ngd: taydéngthaaatc&htha dROnuolikky increased or

helical twisting in Iud naI rotati on of
continuously decreascA \ger east e pre Je% ncrth ]91 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
tightly received filler 200 to be twisted In a corresponding manner. As a restlt, the
twisted pairs 240 received within filler 200 are ultimately helically twisted with respect to
one another. In practice, randornizing the lay lengths of the twisted pairs 240 once jacket
260 is applied such as by a twisting of the jacket has been found to have the added

advantage or minimizing the re-introduction, of air within cable 120. In contrast, other
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the cabl e about a generally |ongitudinal axis. The
helical twsting of the cable 120 may be varied over
adefined length so that the cable lay |

\fdﬁgoogggs?gsf 120 either -26 WD 2005/ 045855 FefSblusion

PCT/ US2004/ 034073 conti nuously increases or _

.conti nuously decreases over the predefined | ength. For

exanpl e, the cable 120 nay be twisted at a certain

cable lay length at a first point along the cable

120. The cable lay I ength can continuously decrease
appedshesctalrhrdopiigation typicaliyeicrensegdit eentent) whigh podyndstugly increase

he.cable 120 .as a second point.along the cahle 120Q.i )

onde e Bt 8% PR o PO P et ln T Hshpded velow in

Sediibf G5Bt NeG@MekRes, WaL sohlee cadblidenfty 4 i gRM180 uRl AEr 200
the cable 120 decrease. Consequently, when'the

indgpeadentlyrd dhe ianlat R60 Caysge thealisted pairs 248 reeepeadaviehiini the diller to
: - i.oNs nd e sub-sections are positioned
be%%?%@%ﬁ?aggagﬁgmpgﬁé?ﬂ%??xﬁﬁg sub-sections of the
cable 120 will have different cable |ay |engths. This
00§60 o THE gudl herSGiiEordbe £t 00 s Frefiing T it e cerined 1oy
lenB@CaURACH R the dGASted B0hiRT 241 TRO!tRSstedl $Rir§ PI4DAlar@lvaried by
different rates, thereby reducing alien crosstalk
apipetimeEty thhsame bats at eiachrppityalongathe predefined: lhagthi Sleneee can be
rther, .t di.fferent tw st,-rates of.
aerfiEh "0 S Grotaiafen oW aphsh s, D ad iyl of the
twisted phies 2400 Jn despbiidead thetapplicdion Gf BleadB WS Ate, HSay length
sub-sections over the predefined |length. In sone _
of &b SEhseisted Rape 240 Shangss acetamawouleiiechmeten apdiihenefits
il 6 ! FgsS 1422181 THE dd\Ene
il SREEE] e, L% RISRAROIRRE 1101 1RGPl g o e
120 wilbalép lof fusthgratiscussgh am reflationee Fimst Hidsi I 420 (t he '
predefined extent) of the sub-sections over the
predefi ndd | Pnts.of (MO8 Because the cable 120 is
helically twsted at randomy varying rates along the
[00106@]d e fHi gse AA L Enghioly, varioas Edokd-exti@yievef longhidiflalpphdjScent and
243, and/ or, the jackgf 260 can be twsted . i ]
heleally BepaR 6t AP0 aefrisine i therdirp embodigeent phige inyeatign. Figs. 6A-
6BRALW Trad RectRRSY REWE BE tﬁea&BF:t; 138 Eoucﬁﬁ’x@ J@_%il%ég‘?ﬁtp%‘iiné WiRontact

that their respective lay lengths are eit
14¢ omiti thassupdsjtiannc theallbar extensivon t420 uman Hey cadiguedsted irowase the

) S5k RIS 25k BT, SO EDS g s

crosMblk athe PoinksSof 268tatt48. conpression fit such that the
application of the jacket 260 includes a tw sting of

[Odlbq J a6 6A0MhetRAksiGRHRaEpAiR 040 bf BRhYed ERPAY Eﬁ%axated by the
filler 200 to be twisted in a correspondi ng manner. As

distaneee Bl , Theedistance (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
between the nearest twisted pairs 240 of the cables 120 by twice the extension length

(E1). The closest reference points 425 of the adjacent cables 120 shown in Fig. 6A are

separated by the distance S1'.



twisted pairs 240 received within filler 200 are
ultimately helically twsted wwth respect to one

W obBfssss! N practice, random zing .the lay le ,

the tw sat ed pairs 240 once jacket 260 is appﬂgé d52§(§14(/:%4073

as by a twsting of the jacket has been.found to have
the added advantage or mni.m zing the

re-introduction, of air within cable 120. In contrast,
ot her -27 WD 2005/ 045855 PCT/ US2004/ 034073
approaches to randomi zation typically increase air
[oommt eht meﬁActhermiyacamtqables W20 meer pesiieoned ritels ithagthedr respective

tonges Vi iia Sslanbnngp. R pP e R o Tl GBE B ae e
shoﬁ&nﬁgqm bR Spaird 2404, OO Gf Ghe tdrfesl 110, eBedfe the longer lay

I nde dently of the Jacket 260 causes the tw sted
_ 1engnh|cwstea4:@rs a¢@i, 2dod wemrﬁ prdse 9 pli¢negrossialk peantvse thesghpsjer lay

lenégné}ygltq %bes,p arggle 1ﬁlg}le&geglsrong 9382? ]of Tﬁk cab]es 1|20 are

I'€S"an ofri
sele‘éﬁvél?| bbéﬁéneﬁ k& ﬁi‘vid&ﬁﬂcrlsa’%b!d disengs beroterethe lorder Ialyeenvth twisted

pairs 240. The twi sted glal rs. 240 are vari ed hy
pallap?zﬂlobﬂ‘%ﬂdt@ﬂ thetcpeles AR Coanteanentya e 108esH 12y lene fisted pairs

240&72‘9(%{ b ng clalgalggwb '}grt}(e?ts »a‘f@@d gte%y%%fﬂt Q)?%oﬁt%ctt ® shown in

87T onal -t W st the over al
Figheh| sl thtaﬁbbytmcrmgmgfahemerosmmxeambepahm 24 Othet mvords the cables
response to the applijcation .of the t%an ona

120 gare be cpRiguasH (RRIGH I BIXRYENSBRafiAR fihdhe f&%ngfls lay Jgpeth
tmgtgn%gi?? %ﬁ)b\?\ﬁ@.lﬁ?@' A cBSMBLy: thEM1fr PHOGLA @Ac@RRly fedeive and house

be furthRér discussed in relation to

theffivipsed pirH240. onﬁhempkemefqngelda]/ engthriwafied prirs@40p.240d gy be
AR so be. furt

al e sse r at' n o.Fi X
* poslignes Fp it 0 & syreb S %P%}B‘légé Tt hsiop B hslpfyl for
effYAIvERUii@S8: 86 | cpsbatalky bﬁ\N&chfthd orogstt smhn‘ml bfy alien crosstalk
adj acent and__ hel i cal I% bl e; ﬁgOZﬁ% cordi ng
betwser e cpblest20miisderashiay & &lﬁt %6 B 6A- 6B
show cross-sectional views of t he cabl es 120 touchl nég
0003 fEiSr@nShfmﬂ mcgosaﬁecg@mﬁl Feqw off apptheg Paiyeafecontact 140 of the

ca@ ﬁd a(ionéuth%xp ?e l i Fxgxég Qﬁé 9&%654%95%@?mrp@40 %f the cables 120

01 ﬁcr ease“t di st ance ween
ard Wpsﬂa&d b aie distaddd (D). dfljeativmtce (82 sgmalt 2Pprokineatelfpywo times the

m ni m zi ng_ aljen 0SS t he_poi.nt.s n
sumuqf, the G¥eRFiqn gt @ ) 8 %Fk}é‘af?&é? g theyigrkst 250 pg'f Gl 120
po%gloﬁ gﬁo&@% 995168, f—h%efxl?e? RafeAkiesk BY0Y Be thedbaliancm (n%iaase the
I'stance (Si) equal s approximately two tines
disative dbtwdes the nearest twisted pairs 240 of the cables 120 by twice the extens1on
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 ]cngt}; twisted pairs 240b, 240d of the cables 120: ‘The shorter lay lengthi
twisted pairs 240a, 240c of the cables 120 are separated at the point of contact 140 shown

in Fig. 6B by at least the lengths of the filler extensions 420b, theréby reducing alien

229.



extension length (El) and the thickness of the jacket
260. In the cable 120 position shown in Fig. 6A, the

wb bdoShasg3d ensi ons 420a of the cables 120 incr
di stance between the nearest twi sted pairs ZEQP@?}?W%MOB

cables 120 by twice the extension length (El). The
cl osest reference points 425 of the adjacent cables
120 shown in Fig. 6A are separated by the distance
Si'. -28 WD 2005/ 045855 PCT/ US2004/ 034073 [00102) In
Fig. 6A, the adjacent cables 120 g{e,positio

d such
crosgtalk betwizanrtheras Feeauss the sheftgdry 1eagth isiec PAG %id24:¢8iaFf‘sles_s

240b,,. 240« r i e . . as
oo SO E SR Enee ol ol gl Bt 1800 2000
smallBefiter ek R8sidr0420Baxt ahesenbieh d 20 argyeedtiayly positigtdd to distance the -
tw sted-pairs 240h, 240d e re prone,.to alien’
shoraToisk Lenah (T aPRrs 025 ARG BF T gablFongt h Afistiseed above,
. | . i & f,l . I i g a
o B 5 B B R B o e P Loy

lengtin oviemd pdird240batrlel. ittweten, thh dargaigler extaysionsdgOnof the cables
tw sted ﬂ‘{)airs 240b, 240d of t

, .he, cabl 1 . ]
120@5;@%&[5% te R éoqgghld% eng wimg%chzHrst %%gt %gjd&ép?sgmns where
the)?-égl?nos?ég_ dinphe bdigestht eichA00ar e further separated at
the pol of contact 140 shown in Fig. 6A, and

t her eby 4 edug | 8 Poidtt 0SSt al k between them In
ot her mjéds,ﬁ(ﬁlgw?é%‘feeg 120 can be configured to

; QVi de i  Separat| n ef20! @Ynon- -
00f! s R TL RG2S, BRnE AR LU LONGE) o con
poifits | digfg 2R0 leagths el sctheseehysitiome diev eatdesd 120b uare be tchefigured to
~ twisted pairs 240. For. exanpl t he.l onger, | | epgt h
incregiedhie disfpRFe betworgihe BUBE R H0 Of FHIACTR GABIES TR [otming the
air Pa%ls%%&@eeﬁ thOBIELs 120! Ihefeb§XligRSikRE Aidharosstilk %t the points
unction is helpful for effectively mnimzing alien
of emtest 140). kWhen Weeadjachrt ogbles £ 2Q atgrindepepdendyiapd helcgly fwisted at

: h : N
GBS0, P B i 0 P e 0L ke
helfin@Std- predrit ah@ lcablee W20 ffran alebing pegethier. of AT dist@s¢d Bédve, this

of the <cables 120 along their lengths..In Fiqg. 6B,.
distapging sHpecan Pwmziﬁa?bg Gesing DR FRctpiimad $3Y oufign along.

theggx%fuﬂ%nﬁpa@l’ofm@c%}@st%pe (S2). The distance (S2)

q s approximately two times the sumof the

Lo : : f _
OREP" S FOAAD e A5k SORE AR R ot
catfléd 120 Fext6Enshioona cAR@beaibnal hiew abthesidi2ént icalleeEdesepirated by

o S S OB LSS T B ). R o
ilh%ggégﬁlg a{'fgelgﬁr 1%9 és_ia%%lk Bibtest2D 2 sdphfudih ke alr poakk 60. 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

distance formed by the air pocket 160 is effective for isolating the adjacent cables 120
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are separated by the distance S2'. [001041 In Fig. 6B,
t he adj acent cables 120 are positioned such that their
ye shorter lay length twisted pairs 240a
v@&g@%@%% Trore proxi mate to each other than argcpﬁgﬂmummwn
| onger lay length tw sted pairs 240b, 240d of the-
cabl es 120. The shorter lay length tw sted pairs
240a, 240c of the cables 120 are separated at the
poi nt of contact 140 shown in Fig. 6B by at |east the
| engths of the filler extensions 420b, thereby
from eldercénosstalki dm Fig. 80, We dogs! p45888 poary {U@oﬁﬂaﬁ@@mm cables

crosst al Because the shorter lay |ength
120259 %ep%r&tegé)yﬁém@%%ce 40c are less prone to alien
crosstal k than are  the | .a twsted pairs
[00H70), Thererplest ko cag gy qoé‘Fl“Fﬁ% sgeh éﬁ& ¥hel @ﬁg DR elrs Q) are
v, C
not @ﬁialrr ﬂf&eafpgﬁ %?chﬁsg%sssg% thﬁgadzc% g@o %&Ofghg&@{b Gsthhl? the
twmmb;_bm 2119@)1” theﬂ(sibhts $2Qgberdbyubalpmg to radoceedsacrakisaikapeteeen the
<mb#ﬁég$re hel pful for reducing alien crosstal k between

‘onger lay length tw sted pairs 240b, 240d.
Therefore, the larger fjller extensions 420a of

(00108} eEig §DEhawe 2 GEASEseqsioadndP¥ 06 theradiaceni gables 190 Pteaﬁ‘aihﬁl air
t r

pock ¥ B0 LRGP h g JGeR PRk b IR pIBh R hok RS FRL BC, the

cabRReil B0 sf Fig0dD 5ie epysted bE-tixinis pmket:]rﬁ@s Assbgpmdah ralatengo Fig.

0 tec bl 20 at oi nts along thejr .
6, b e SR, 13D R b EFE 6 Sorfs o e J nEaley pled pirs
24(COMhE gatied1 30 ThdGiERAREdNEeriHS BieR tWREAGRARs A of the cables

twi sted pairs 240 of adjacent cables 120 by formng
120 #iethisggiosition dk endicaegiobyh Breviiganaer84k abl Big- 600 thet qi@seétbryfewnce

t cont act '
_poxitigbén\c]\ﬁ{h@ %gﬁééngg?b‘iésoﬁz% AL é.‘[p%ate%glgl tH@thEaﬁ of

acent ca are in ependently

[00?@ h 1h%1‘?11 "fL%%. zitb%j ﬁé\ﬁ ﬁ «.];Ju,e %%dlfh%gs oflrtﬁg C @gﬁgiﬁ ‘other

nsi ons

emﬂ&ﬁ)mbms oh @iemam@stmo rae \be ronfi gnﬁed: abineast2fle deSD:Ii‘BCEBSBdtWB@ the
t oget her., As discussed above this distancing_ effect

tWiglefh PRiEs mmdzaéanwbleﬁ 4l Hgt stampln arvide vaRay eﬁgﬂ?rrpmnsmn
4248 Xa%r#tcuf GF&OO%SQ@Q) inchasd Ql@%sttéhgé Balweé‘ﬂ(ﬁx% aQifacErﬂecables 120.

106 e alr pockets 160 I ncrease
Thel ﬁﬂexazf)@ean lumixvcéeduffttrhm ltumtmtseaixdpmes of b dillef exttbmsions drBO end the

fillé%ﬁgié 08 gé%t zrshc c\gsgfagxgg S]%F\Z% Bg,s QQ lof %’djaec\évntocabfes ?20 The filler

200 can include any shape or design that helps to distance the adjacent cables 120 while

complying with the industry standards for cable size or diameter.

[00110] For example, Fig. 7 is a cross-sectional view of longitudinally adjacent cables
120 according to the second embodiment of the inventio_n.' 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 help to
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a particular air pocket 160 at a position along their

| ongitudinal lengths. At the position illustrated in

) $hos/Bfsssst he adj acent cables 120 are separate 1612,
“Zij?mp/g{:;ﬁ:et 160. Wiile at this position, the %ﬁﬁsk@ﬁmon
pocket 160 forned by the helically rotating ridges 180
functions to distance the nost proximate tw sted

pairs 240 of each cable 120. The length of the air

pocket 160 is the increased di stance between the

adj acent cables 120. In Fig. 6C, the distance between’

incrdabetha elastant betmiesh e tyastadpalt4 040 bf theedizatitesblePPhecause the

~this position is jindjica by the dista 3) . ,
pointsat sabasiA D Raeatanabent 5 ebtiraf Fsebpifol BEsiiasd 20’

- distance formed b the air pocket 160 is ef_»feg’#iv f or
[00113b| dni Fig: Fhéaoéldf%’é“eﬁ@o angndes thixg fillesoexhessioms 4204 aextond
' P Us2004 4Q7 f j 3 J € ;
beyIAnE oS R op I e ok Se bt BR SERaPbAS4d, Tie Ber Yensions
420 Gabige$ carl B caseirsanalr deewaysydidchesed iabo e sechSB' helpiNe @7dvent

The cabl es 120 can be co]gfig@reg,such_th t when their
nesting; ofthelcablyjtyistesgsiiagens cahlse 1<Q 3ad Rpsing the dispappqsdetween the
. ext eASi i r Qe ket de@rest twi
i RS A0 bk IR g S A ARnat SethppEe pifrest twiseed
pairt D40 ebijre loablps 12’ hoonead tlepaiht afreontaots 0k indiestedemrihe Histance

cables 120. [00108] Fig..6D sh a .cross-sectionpal,.
(S5 et Ao SRATay b Tof e S8 (s SFREk Rl kb B agess
of tHORcR: 280 the@ible 1 NIThdilosR! ref@Bite SointSIUD lof thet djdchi@ cables

position shown in Fig. 6C,_the cables 120 of Fig. 6D
120hews épHizall cde bspardied T the discanse SPE0Thos2Rhpss BAPs shavr i Fig. 7

r tion to. Fig, t h Ior RRE S | '
cang e%bvﬁ& P%Sh%ont‘%e é‘l’vgs% gr?gg ‘Etz %% °hEear eéé{t l%}\?\ngg f@gwp glla}’rqgﬂ:&g Wy
disctddahotdie Acadrtimgly] 2. cablee 100'stf diig.€7 bat e eonfigoeed to minimize
_nearest twisted pairs 240 of the cables 120 at this
aliep GEspalén i s i ndicated by the distance (S4). In Fig.
6D, the closest reference. ints 425 of .the adjacent
008} e $ie1 B0° 2 EMIateER CEREFCHGPA NEvLP LD s aginal B cables
he6 AR SHAVESHRGF FiL 4pTbodicasrs $200dhotien Fig.
120?%‘%]]“8%&?35 ggt her © enbodlﬁénents of " the cables 120 can 1.
8 akalistamed fu thechefioallynisigtiag dlleh200 " &t anycd showaysediseussed above in
tw st ed gﬁi rs 240 of adjacent cables 240. For exanple,
relaliotkig; 3P ety of filler extension 420 configurations

can_be uged to_increase the di stance between the
adj BEcent Selegtive Digtagee Fai9%, 200 can incl ude

different nunbers and sizes of the filler _extendsi ogs_
[00123] anBhg rpsesent cable configurations can -minimize signal degradation by

providing for selective positioning of the twisted ﬁairs 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 pa_ir 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 becaﬁse 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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filler dividers 400 that are configured to prevent
nesting of adjacent cables 120. The filler 200 can

woslhselesany shape or design that helps to dis
adj acent cables 120 while conplying with thehﬁﬂgﬁg%nﬁ“n3

standards for cable size or dianeter. [00110] For
exanple, Fig. 7 is a cross-sectional view of

| ongi tudi nally adjacent cables 120" according to the
second enbodi nent of the invention. The cables 120
shown in Fig 7 .can be ngltloned sim

I I ) h
Sh%‘&blaﬁéeﬂmﬁﬁ%ﬁqsr;@?ﬂgzé‘ NedBaheEé’GlﬁPéP?%% afeg%f)%@een their
con%lggprs ﬁ;dé léﬂgsaré Nfe }313)?% g%.rth%gporﬁ Ud'e'frfbu M& dnfi8edsi dus&; guble to

the'F l'er extenslon
crodfk woigt. t [Gonkegustittd tedsiteds pait0240bhend aplivsl P20’ 248Hsae more

suspprbifc o TPTUHIk AFOHEI REUB: S940 5 SYAL T T6s ABb these
chahdbistis ir ﬁﬂn&’%@@&ﬁé@ﬂﬁﬁé& 5’@6@9&49%&93@ alien crgsstz%lk by

I Nncrease t di stance between the Tw sted pairs 24
makintiziadjtiseodistince dotveesn 116 loeg hydengtthevisedipairs249b, 249dt act
140 between the cables 120" occur at the ridges 180 of

[001h8] caileasngl R lengtt PARKIUDD, MO . adfacentambles A0 earll BOdistanced

i ncl udes three flller exten3|0n§ 420 t hat f te d
by ﬂw@ﬁamgﬁberar%e@r@&fq Hisalpregstegleropxieniion 4403 pgor example, as

shcwcﬁlt Pg BRI S exftBsion fi@na&i @1§rofqn1£ R%1A8Sn 4980is! dedibOthan the

Function in any of thé ways di scussed above,
exsngdn dmgthe(B2) ng filler pxtensort 420te s Byrppsisfoning] the a‘Msysd pairs 240b

2yl oAl B 5e20 PASTRRBP e e

thel g&ints dffbofiat 140 thhhEcct BErRRER tieHleeExtbiieon8 @@L S the adJaccnt
tw sted pairs 240 of the cables 120" at one of the

calged AZO ofill roevide makirguin istanse et wepnbihe 9ag divsieagidewisted pairs

S L

ess
préfigaeabltie Ih?g&r flu&"hatmsﬁme@() arth;ﬁeare mlneesl'pmﬁentas let2bh ofisted pairs

th dj t 120/ h ' ’
243 p oY e dons ey Tgih SuRacpaach o G4 71, BERGHES o ar
ﬁﬁﬂe& &l fethoUR |0Y cBﬁ’tﬁétt 140byt a{l%z{s\!\ﬂt&t £dateai dv&la%‘l“e@xt@fswn lengths

different lTay lengths in any of the ways discussed
(E3boThis cA@ﬁmrmqmganyl itst hegefata il PerfpgherorXpigigged with grierree to the

t@wﬂgn Sr %thg?nm SI%@B alien crosstal k. [00112] Fig:

gew cross-secti onal V|em10f t he

: ! acent cabl.es
- 7 "
obBR" | e 2-hh b B e e o At afpeft s 120
ac%&ﬁﬁ@ th "t’neﬁhﬁd emgocﬁﬁﬁmcﬂfiﬁeﬁﬂ‘}&d_\oﬁy e ghela-g@) thytwisted adjacent
twsting filler 200"" in any of the ways di scussed
cablzo 0’| mclude the long lay length twisted pairs 2_40b 40d configured to maximize
‘the 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-sectional views of the
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relation to Fig. 4D. F. Selective Distance
Maxi m zation [00113] The present cable configurations.
WBoo9hi¥sE ze signal degradation by providi nGpdBiisi004/034073
sel ective positioning of the tw sted pairs 240.
Referring again to Fig. 4A, the tw sted pairs 240a,
240b, 240c, and 240d can be independently tw sted at
dissimlar lay lengths. In Fig. 4A, the tw sted pair.
240a and the tw sted pair 240c have shorter |ay
| engths than the I onger lay |engths of the tw sted
twiptad radad@is cablgs t18@" awfiffersat pasifiod4deng thedengijudinlly extending
nti oned above, crosstalk nore readily affects the

sted pairs 240 with Iong | ay | engt hs because the
‘conductors 300 of long Jay length tw sted alr

Ob
00129y Hig-dAoisi aeﬁ?@cﬁegtonﬁleﬁaw. of @t ymORgimet of g%t%fi %P@ﬁ# gables

RSB MU 3005 BB 00

shdwm it Big. pAi e 28Ra 12048 jraitentd glebrthairtbt édlepéxtensions 420 of

cachyiB e eples (9P ey RO, toafant St et TH OG0 cBhtact 140 i

forﬁﬁa%%méehal tRe EQolesCIﬂﬁsa't MeKrifl@s IR0 162%&8%&%&1' the FAM Sk@hkions
“pair 240b and twi sted pair 240d are nore susceptible

42.0 Ao the sablek 120/a aream@xtrpmchtreﬁlcpam tipadistangedbatvipe B¢ long lay

i.r 24 (th. th i nd, -

evfiginats 150 05 PGS Rim GO LA Y bl Bt il B rglel Bgoions

4’)@)éxteﬂm§b§’6naltﬂ@czb§besedh@{aaﬁﬁ:a deiemadied msrombmddamdicated by
l ength twisted pairs 240b, 240d. [00115] The | ong

thq @ipigedes Gt andtheircket 268 typkngsjes oBach of Blesables é)l% ﬁf ib%sum is

m(ﬁ&ﬁéc@gﬁ? dj s@ﬁcep t tnolfl‘v V' tthg BlosCobkelBH-E P&‘ﬂtstm of the adjacent

en3|8n 420a. For exanpfe shown
cablas IFICQ’ a.rdf@f;pardns&i @(the distappe Séngihe c@ﬂﬁguraﬁonfshbvve in Fig. 9A helps

TR TR e bR 0

ted rs 240b, . 240d th |l.onger
ofis} i el OBhShone et con i onsioney of, B éwwé%%t Sflagegh,cebles
ﬁzg?%noltﬂe? 8ofRbM IS OThe AAHHRCH hARnbiRiRina09 GfacRRURIBN120". As

l'er extensions 420a of the adjacent” cables 120
thevicatilespl 26V |rg@temm |fﬂign¢>et¢@n<awc4e’20tmmewh theaotaginy g 9B, the

h tw st t he
il PRl it % i St byl G
Bdtai®R th il dmdrRicha20 Reudes kigetablel 120€ k0 Bxbffdes, the aﬁ:}‘ﬁaket 160 is
than are the shorter Jay length tw sted Palrs

fomped perwget yhe eabies 9y at a{vswéwgtaﬁmi #f &teell ?fa%t@smebm The
co%ﬁggraﬁém SRS %9'1%?,. @ﬁ%e‘?ﬁ to reduce alien crosstalk in any of the ways

discussed above in relation to Figs. 6A-6D. For exérnple, as discussed above, the air

leng

pocket 160 helps to reduce alien crosstalk by niaximizing 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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separated at the point of contact 140 by at least the
greatest avail able extension lengths (El). This

j ion and its benefits will be furthe
V@?g@ﬁ?ﬁ%ﬁimnth reference to the enbodinments éﬁg&ﬁmp#&uwn
Figs. 9A-9D. [001161 Figs. 9A-9D show cross-secti onal
views of longitudinally adjacent cables 120"
according to the third enbodi nent of the inventions.

In Figs. 9A-9D, the twi sted adjacent cables 120"

include the long lay length twi sted pairs 240b, 240d
cabisg Oy AL BROE R 1E S ERHOT A0 e CANSRCDY GhReoH Bifg away

| a t i St ' . . ' -
frop Rho GES Dphefofl 5 1830E SR beird 200%, 2pd 46 QAN positonca
proRithdts t@ 4afillédehensh0420. 240dondingly, thi dwigniaydengdthaytwisted pairs

240ty s 15D AEE AR T ARBLEY (BB ubRh RS A 105 of cach
caﬁ%?@%@ﬂg#é@oﬁﬁla{ehg Ldnl difdr, FRWev&! aseli&lf'ti&féﬁlaﬁoaeggfé-shoﬂ lay

(< 1UW
con uratron hel'ps mnimze alien crosstal

lenpet baed phies D40y 24y ateemytds uageptibld tpairesstali249lare dalapg lay
of the cahles 120". Fi.gs.. 9A-9D show diff.ere " .
len g b TS AP, el BT e oSS 5B Gibisg 0" shown in
I*“i;g,g> Ca“ffz‘f 52004 B30 3ably Waih GHe Qﬁﬂ:eg\z@t? ndf wighlspsedl di@naldtas they are
[

erent positions along their [ongitudinally .
proprgasetialngg tHeamwigterspaifsgii1 7Pthes gmbaympats Hf the cables 120" include

..Cross-sectional. view of .an j j .
e RaRe aapratetedh Rl SRg PRy BY ke hifed pais 2400
2406abl es' 120" long lay length tw sted pairs 240b, 240d.

As shown in Fig. 9A the cables 120" are positioned
(06120} t Rethe bBGtibd dHoWn iR VT, aMtSlofL Ry Méngtie aeibte@ pair B40b, 240d

cabl es 120" are oriented toward eacg ot her. The_ poi nt
arepfiatengly aeparatefOby the compreenthef heeableh &2Q apPresifically, thy areas of

t oy I b i1hf-e ' o
e 3G 1R NS S0 SRt HBIch L0 T Relf PRGN on lay
lerthitls tvaste@ phiest 2406 240de Therefpre, calien taossalkds ypdiieesl L2 A@configuration

240d i s r oxi mat el he.sum of the | engths that t )
of i ISP AT T50 e dE O i QR Rt o 145 fenkFisted

paft§ 2866, SROHIRIRS IR i§ MlitadSbetheP@bthsice2B3). 1R44.9C, the

I ndicated by the distances. (El), and the jacket 260 '
cleseitokivmasepoint 432 ohthe diaprnt calesel?0Y argseparpieg by thp digjance S8,

i ndicated by the distance (S6). In Fig. 9A the
[001213 eSFigr O@DestmmGeanpdiontcsosd-Bbctwhalt iewaef] theetwisted afdjaesnt cables

120" are separ ated t he distance. . S6'. The "
10 8 PGS EPHOG G Teerit: CORE ROBHAT bR g 20" A
th€ é)@ﬁﬁéﬁk%v&nﬂnﬁfl'g. alf, thIRlIMEHSerdions ¥3® 6tb&h@dBlek 120" are oriented

relation to Figs. 6A-6D : ) )
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 length 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'.



[00118] Fig. 9B shows anot her cross-sectional view of
the tw sted adj acent cables. 120" at another position
Iengths of the longitudinally adja

“gg Pgmkggo the cables 120" rotate the ﬁﬁf@g§mm4m3«n3
ext ensi ons 420 nove with the rotation. In Fig. 9B, the
filler extensions 420 of the cables 120" are paralle

and oriented generally upward. Because the filler

ext ensi on 420 causes the cable 120" to be offset, the

air pocket 160 is fornmed between the cables 120" at

t his, or iRipacitive'Fi@ll Bakencki | | er extensi ons 420. The
configuration shown in Fig. 9B helps to reduce alien

(00 zﬁ’ssﬁ'ﬂé lﬁrés@ntaé%léaf 13018an \We¥Siate Uhe341id68 @ApRRDIESi¢IAs about the
ation'to Figs. 6A-6D. For exanple, as discussed

condllmmre 300hef merthmt lpeirs 260 has penfignadeahnye. gapReifive fields are

crosst al k ITB.XI zin he,
T A S e T
the ekt bNelipaa@tios uhbfarke bRbwdenahe b@xidme&)lfs 3oMer naamaed pan 240
tw sted pairs 240 of the cables 120". In Fig
affectsoélesItOlﬁeeﬂ@ﬂE@dc@Ofpo‘ihﬁt%VlSt@S’aléfMPhe aH]ea??@ﬁ‘iltlYFa@F]@é of the
t A
b 5 QPG S i AR v5Tie, pUAOIRL S pOanet

e tw sted

out2h AGRBtis @?bﬂaﬁﬁ prob2diéd by iksuging %t dte dianhefef of ewrtconductors 300
OSI tion a

the | t h th di nal.l
anchiap dowigtors 99 RIS GBI 5B S best 0B KL T IONed Al the
cabibzg%() utﬁl%gzisgt,t%scte@ Bélfkt240tvlﬁ91 lflﬂﬂclrﬁrmz%?s‘ HRD SRS Q%Qc@lfv% bii@nce.

are oriented away from each other

[%égﬁg l}f%'elvgp %al?ertaﬂ c?tfx%qh&afhr - Snsafafils 324 ﬁ@ec?ﬂ'ﬁ ca?acmve fields of

ectTVElI'Yy 'positione roximate to t
theeéﬁrﬂﬁab@nBGDZO AJACﬁmredﬂahgmmn toheprb)omgtel wy al epgritive field of the

tw st ed __240b, 240d or | d t..Th
consigors JOAEiRgER AL FER BT s DA SR CFPRRLF beldte, of

theGARN Bed QA duAbR FPSroRe@ T EwiteBRa AT, hey shobda\a@\z:eg,r AA, the
as nentioned above, the short lay |ength tw sted

calpel 2G may Owlude 40w meher oﬁ@@tteaglswﬁlt%@?ﬁdu whege they apay sepagpigly affect
S b;

i 500 B o EOBLD LM A A B oo

diffdrént cBfacitanss,hhs creamgemt wibbiandearThis hebalaice gnhiithits thé ability of

hi gh- speed_si gnal s as are ated.al ong, t he
thg W@iﬁéopabfa%% Yo oit-<atagh Mol T Ro TGRS T aaniih aoe levels

cgt g g&wef&alngﬂnfm S £A00 e 416 RH20 HUE Billed 200, the jacket
I stance the short lay length twisted pairs

262446&1, thc momﬂutn B1@0]e 120 canealbaffict thereapiritivre batenre gf thggwisted

pa1rs 846 M. ca%\fe H’%‘ ganhbe Sont tcrgr%« R§ Ixr{c?ud%d'ogémﬁd'g%t %élp minimize any

unbalancing effects, thereby maintaining the integrity of the high-speed data signals and

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
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are naturally separated by the conponents of the

cabl es 120". Specifically, the areas of the short |ay
wWEngh sk sted pairs 240a, 240c of the cabl espd@0sr004/034073
hel ps separate the long lay length twisted pairs

240b, 240d. Therefore, alien crosstalk is reduced at

the configuration of the cables 120" shown in Fig.

9C. The di stance between the long lay length tw sted

pai rs 240b, 240d of the cables 120" is indicated by

the distance (S8). In Fig. 9C, the «closest reference

theip dicdctrid&msahtst dre apptpsicefdy tebiape aar least aclsteishy closedto each

by the distance S8 2 Fi g...9D shows ot h
otheg) GArSTeTBbE BGERS) 26  HE 2P AP S AR 20 Sh1HEG mot vary
H‘ﬁ{ PRsi ! | WheR QN ehatdiild BNEIS cOfpdrdhts comprise
beyﬂ%géli %Tﬁg yogdj acent ?:abl es 120". At tr(;e Bos.i tion p.
dieletigiom wiithirFthg. 1ifiD), caphetive ibmlaneg tie medugers tharebjomapgifng noise
cables 120" are oriented .in the sane |l.ateral .
stegp At oo RELD THE G G AT HGTH W ild el P Fbgliments, the
dieRA0R Rhst9RCH A Hibe200; Y Rskd 200, mairdicningilabesmeste all within
apart by the distance (S9), thus mnimzing the
appedfimetety orfe dielpdtdp constosefdarh pbeeen the | ong | ay
| ength twi sted pairs 240b, 240d. Further, the
[00¢25ip o Bynudlizifig trhaerabiveth ¢AGistent nditlgeliingpropastiesh e catsde 120

length twisted pairs 240a, .240c one of t cabl eg .
minigts iap e opaiare by ruTRg e Ry Hhat riroo Ry Rk wit
difi%lflé?xk? die? 5t Qnstahi poﬁﬁ@ﬁeﬁ%drz {y abloit fieGwistda, pald P20, especially in

cl osest reference points of the adjacent cabl es
corse@tenge ©f syopgarataperitine fields deneraled byshigh-speasl detp signals.  For

20Q5/ 045855 PCT/ U 0 4 i '
o BB AR SHRE 1 BRRLL 0 B Flentucn
mayd arbne@pasihits @o fieejaciet @boutilet the secwriciontiote i8@0sitioned

~of the twisted pairs 240 enti oned
orcpple @ Pyt I €PBe Camesoply e BB EDRTR S A BRI e figils may

ex’ﬁ_é?{%qﬁéfn%fesc Q8104 irRluPREt iy RS mbM SrbRidndddjatke? 460 than from the
urther, the extent of capacitive unbal ance between
less peoxtmate diden2D. DG se¢ondirendugiart308 may he mam biaged lycths filler 200

t he noise epitted from.the. tw Lr.. t -

o 0826 0 G AT 5P B o cance
ea¥btheiflt ahaesk cdphatinofides ¢frthel tiewd Ipyir 2He afei unbalsnceénBerther, a
to be canceled out. Balance is typicall roppt ed b .
greaterHspag it bpaveanHibe diclaeRicsongants b Hieocket 267 & %ﬂ%%oo will

408 bIS ENG M 8hie@aPsdif 24401RFBy causing " signal
m&ﬁ%@%ﬂmﬂﬁagﬁ%%%gﬁg%mearI |{er, T hepl%éabl e 120 Ut i zés
delgridati@d PElier sab2<l Q20 dah mimithizenthsi bies differenceacid.i that eapacitive

capaci ti ve_hal ance. . ) . ) )
unbalance, by utilizing materials with consistent dielectric constants for the insulator 320,
the filler 200, and the jacket 260. Consequently, the capacitive fields about the
conductors 300 are better balanced and result in improved noise cancellations along the

length of each twisted pair within the cable 120.

[00126] In 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
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[00123] However, materials other than the insulators
320 affect the capacitive fields of the conductors
ssmterial within or proximate to a cap
“?‘lpgi% of the conductors 300 affects the overa f’ffhgio}fﬁoums
capaci tance, and ultimtely the capacitive bal ance, of
the insul ated conductors 300 grouped into the tw sted
pair 240. As shown in Fig. 4A, the cable 120 may
i nclude a nunber of nmaterials positioned where they
may separately affect each insulated conductor's 300
dicléapacohanaa1)vof leheh bdther.t Wi somel epdiodin®AG, aThiekcurceaf & outer
~ two different capacitan s thus creati, q a
jackghi5a0h NGWIM APQXTRISH SHFCLCIFHFF SR RE gl Tpajor,20.  Jgsome
em};o\@ﬁrﬁ%rﬁg REkL s 78 g'xake?laﬁ@htﬁlncﬁﬁféﬁéﬁ&@ dRieRPON ¢ the center of the
ti'ng Pn increased noise levels radi ating froman -
con@adton 800 mamsmdidlemg: paristanp 4ifat vEtes imesel twinoapi@@dimatdiy plus or

fill 200, th th
mings e BRSSPIt BT aES SEIFEUEoatAt: G s e S fpesome
emﬁd"dﬁrﬁ&rgg m@?&eﬁ@ﬁr?eﬂ%m@ﬁ%tﬁ@@ 8didL 8 SRR N0 008 iRtet 0.635

I nc erials that help mnimze any unbal ancing
mmf f ects, thereby maintaining the integrity of the
hi gh- speed data signals and reducing signal
at t enuat2.on. Air Mordmizatient Di el ectric Materials
- [00124] The cable 120 can m ninm ze capacitive
[oommqal BeeLusH ViU thpicAlBt fiokeathan .G melmmcmm d1fferent than the
ielectric properties, such a con3|3i?i¢e tric

inselees E il PHG R PRI 1keE 200 o § R Taghe Gpalance

| e
o 4l 0o LA 0B RESHERSE el i o

thet twasted qiair 24X r The canrmmanf gira¢an bﬁpperdm:dmt« e¢1‘5}argimg gmpntherwise
or .at | east

T ——

in telRidhab Pis W%&ﬁ@#bﬂhﬂ @lleV extynsidne Yoo dndl /sietht diller dividers 400

variation lint. Wien the naterials of these
may Seperrened: ddnihonadn Hig-tlechs fller GRTETiaRS 2D o th cable 120 are
exgﬁa%ﬁ tgév%(tt% ?zlcﬁ&c 860 So! HENERI the! BRESRVBRN Bedl BY the filler

enuation to help maintain high-speed signal

exueﬂmergsr42[0y. In sonme enbodi nents, the dielectric

constant of the filler 200, the j acket 260, and the
[001'28]“ at@thed 20 diatessed Abowk tihietatioa pg Fox dea thel fillarP0, including the

di el ectric constant of each other.

OO 25]. B ) .
fillg idividars GOPrend they Filer P RENSigns 428 gm pé:]gt,,e%/ ghaped to fittingly -

ac 4 r’{‘%ﬂ? ddd t&1§§d %ﬁﬁg 9)4@)2@51'&9\' %%xﬁ%ocﬁ'ﬁaﬁiatzésv% t%e cable 120

ance ating biras that nay be forned
wheed eid edudd vmem&e In some embodlments the filler 200, including the filler

extensions 420 and the filler dividers 400, includes curved edges shaped to house the
twisted pairs 240. Further, as discussed abcwe in relation to Fig. 4A, the filler extensions
420 may include curved outer edges configured to fittingly nest with 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.
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different dielectric constants positioned uniquely
about the twi sted pair 240, especially in consequence
W 200k/h288er capacitive fields generated by hlﬂ@nﬁgﬁﬁﬂnﬂn3
data signals. For exanple, a particular tw sted

24 includes two conductors 300. A first conductors

may be positioned proximte to the jacket 26 while the
second conductor is positioned proximte to the:

filler 200. Consequently, the first conductor's 300
capacitive fields may experience nore capacitive

[00129] | URRRGeddctionid the vouls of patd i A saleqtiaclyarce? 608 R EahSUCh G air
the 1less proxinma

_ 200. . The .seco

proxBDge fghe T BADPIL BEIPH TN hF Ras e AR Pliectic
et 4 Sfhie Wi Hote pRiras240 ok abiih@ fields is

Consjé%lr?]% Szorggm%‘é)% tg%uﬁgéﬁﬂggncel © ez;ch (I))t rr1er out, P andet Ee

minie@patbdcame Hdses ttevapd uiheely \p/pgu@r@dggq.tgmgagred}r@vented or at least

unbal anced. F reat r., di t
attengjagede c {9 BV?:TBﬂ gﬁtt is "‘bfde ®i act ¢ eﬁ%@% EJSt‘la'héclaiﬁ?t Eﬁl tﬁ%ﬁl the
tw1s?e%.0paw 340. MNE8RI dnfelkiindnRs HRAGRAY dite tmbaam sobh asha&r within

ted pair 240, thereby causing. signal g%r ada i on. d
the Tross-sattlonal 1:26n oArtharwisier zsir B0 pjakes Bp lpss, AR &sPre Ct%mme

| amc{x:lgﬁ g{ :C{)stslds\e/(gt Oélg{' hal apae. tv\m{e&‘b?l’ hah 13 oWeefelvﬁJn%o\ﬁfsﬁlb the

ric constants-for the insulator 32
twididiepdit 24081 Tn20hhe eaibddintents, teket waBh theo'ngbaném oy less H@n the

capacitive fields about the onduct or ar.e.bet.t er
predyadreinesdd amednt eduihe FIpsy ﬁﬁ@flevidafﬁ?a. %fg ‘ﬁf‘a Jof dPPondh Some
embodgrfxgntig'g a%%%%gg QES QA6 M ShRA1 RIS 1e8t ttlhalt Mhé Bfedetermined

I'n some enbodi nents, the jacket 260
améGRY of the lvelienesof thewnble j28cvet a pradefipad distaaee. InforstembRiEEDts,

dissim|ar dielectric gropertles I n sonme enbodi nent s,
thea’ﬁ(ﬂiie@Fé{f’Fii?’é‘oB‘F“fﬁgpe’fc Wer jacket, said filler 200,

ongh) > Bk Ao b el i

ectric
thec&ﬂﬁet 38h 6 ]ilessofhaﬁalﬁg Rédtsrmired &H00MtetHe0ckibleen28, has improved
relectric of the outer jacket is not wthin A
perfqIT2086. rrﬁheedhylthrm@S alpaait Q&W%ﬁfb%@t:’éﬂta‘%f“ag%un}?m consistent.  As

i nsu| a 4 40,
disprss 8’& %‘}? Relgs pr?‘e effﬁg’gr(P érgn%?l%do#afﬁ{ ghrﬁ mg&ce%?lgr
CoRfeqhbifly, RO QuslEO 1280 Wetidr abldlite| ecumicly tomsninmightipsed data

varies nore than approxi mately plus or mnus one

siggilel ectric constant fromthe dielectric constant of _
the insulator 320. In sone enbodi nts )

_[ousamefFigedOdsmiaoefos%seauwbﬂﬂ%w ébp‘?"&ﬂ fFat"&%P alternative

em%og menit og gblé 92&'3 5Théﬂrc@ole 120" of Fig. 10 shows a jacket 260" even more

tightly fitted around the twisted pairs 240. The cable 120" illustrates that the jacket 260"
can be fitted around the cable 120" in a number of different configurations that help

minimize the voids able to retain a gas such as air within the cable 120"
H. Impedance Uniformity

[00132] The reduction in the amount of air within-the cable 120 as discusscd above

" also helps maintain the intégrity of propagating signals by minimi_zing the; impedance
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2. Ailr Mnimzation [00127) Because air is typically

nore than 1.0 dielectric constant different than the
WO'Sdekidseds 320, filler 200 material, or the | ?90 1073
. the cable 120 can facilitate a balance of the g

pair's 240 overall capacitive fields by m nimzing the

anount of air about the tw sted pair 240. The anount

of air can be reduced by enlarging or otherw se

maxi m zing the area of the filler 200 for the cable

120. For exanple, as discussed above in relation to

variins dohg thdlength efthefcablhd 2. Spesifically ethe Pables 1 2@ ds gondigured
t he f|IIer di vi ders 40

in re n '
sucl:it@at IZEACOD@H?@BF‘P |3 BERER le‘/nga%‘hé“ pogtgy % 9“ “élsﬂaéﬁe?wz%d The
o%ent?Wﬁ{]P %&\é@t@b theod gt Hfﬁ&dtt@ rbmﬁ@ame ahfoent of air

I 0SS-sec area of the fil ext ensi gns 420.
w1tfx1QQﬂa?fi]:kdt:afS® heany dshdwsmé@@us%@@ée i Apgcioally ghe twisted pairs

, f 200 en
24Qﬁay|h§§pgeréb%'1)§:qdn PRsLGH ‘Mﬂé Fesgé'cg 1dGnd Qx%thﬁg T s%fne embodiments,

ensi ons

the! Q&epgg) £49R83r glRaReded Paifs 140 MGHugh aaﬁmmattefmeh ehe twisted
Wi St & pai rs 240, thereby mmmm%gthe paces i i T
pmfsf%Oaalpbauq:QOTypm@mea edmrprEBIATLitie 4k 2l & Gfa ot reqire

oS SIEELS, e Ly 200 & 61400 e 1 vt ot

i ncl udes
embyiiMRHks €00 g8l Nap &dcdnfighedse Helpegenelly tfetdthp eiwrSSﬁdzma@rs 240 in
Furt her, as di scussed above in relatlo

potifon. sbe pevERFBSISIoTSD RASPTIREUNG. L6 9ot Ay ucting the
tmége ep%n‘%: % I’(lae'% rgﬁi}é FiRed ih bbb gh WitRGSdpedd th Bnd ARtheacket

p acing air frombetween the filler

' [O(féginig}}ons fzfz ﬁ?l GJfﬁégGﬁhlygl@Q éﬂﬁ%@teﬁﬁﬁ:s, is%l%elo RéRimize

Ptte ound the fil
m?&laﬁ5§ bz&ﬁnﬁonﬂ%ls dmc&Sed/lboZ@OﬁyOﬂ:E@iﬁnREérp}Umbmag@m@cs or
©. [00129] The reductjion i ds of
relaipnscq t@ee}vystp PRFS, Lﬁ) sé&(@l&r{o If tlgs aunrgﬁjc? e§ ! XﬁQdance variation.

BdclGe! Wk ShER PRI ard4Rc1he) ﬂ&ednprhymﬂeattrrmteg:atmr ¢ables 1mﬁ)t¢an be
di sparate dielectric constants. As a resulf, th

mamp'dhlach,@eg dfelically tigtes sathga ntredusing Sgpbcant irhRedpnog dgyiations
mﬁbg}et ciaglﬁgfc?{)na’tﬂgee g%lilg S0 AP B8 HeflUAr, gdtv‘}iﬁe& W@dYit has been jacketed

fral's are prevented or | east
wihd R Ninab@Ring I h&zafioRs ddpeddnte alevxa‘aoas decindiag eduirimgt anufacture,

effects of noise enjtted fro
teptings en@ insiplanmazReedures AGFRY %c‘%zb‘lhg CV\@ It%ldlﬁg%h g°§§§esﬁcthl° 120
& t D Be& 28126 Ohisofidlerijolaneats, teephyvibaltatstances
t
Caﬂﬁ? éhfﬂ%gd Zmlggls H& ess than a predeterm ned
between the twisted paus 240 of the cable 120 do not chanoe more than a predeﬁned
amount, even as the cable 120 is helically twisted. In some embodiments, the predefined

amount is approximately 0.01 inches (0.254 mm).

[00134] The generally locked physical characteristics of the cable 120 help to reduce
attenuation due to signal reflections because less signal strength is reflected at any point
of impedance vanatlon along the cable 120. Thus, the cable 120 configurations facilitate
the accurate and efficient propagations of high-speed data signals by minimizing changes

to the physical characteristics of the cable 120 over its lquth.
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amount of the cross-sectional area of the tw sted pair

240 or of the region housing the tw sted pair 240. In

\f&?ﬁsﬁ' godi ments, the gas within the voids nekes ug

ess than the predeternined amount of the — PCT/US2004/034073

cross-sectional area of the cable 120. In sone

enbodi nents, the anmount of gas within the cable 120 is

| ess that the predeterm ned anount of the vol une of

the cable 120 over a. predefined distance. In sone

enbodi ments, the predeterm ned ambunt is ten percent.
(0018811 3 Rurthe Bnatdriist WiRtgbérleicle0iafls c@nthtdnb GiekRtaRpRide e used

amount of a gas such as air within the cable 120 to
abdueghe camdnctotse309rtedelpemifiimize BpRedance apationstsiver thedepgil of the

[ ve et for nange, . Th Lele I.C e .
catl el et pa i3 o e e @R P ghdihs tength win
enithh &€ HESEEsRB QY Sacittei mbllehdesof tael usietet pair2d0.s Fhe mid debnsistent

fromthe twsted pairs 240.. . Consequently, the cables
dieleptrica rmatpiials evedugss e a1 @ORGIHNE ePipses r RS tiheyj yristedepars 24.

dat a i gnal .. J;0 R s . :
copfalen B, & ghyety Wilin v iR 85 Airimized copeite biases
Thereheeibyantngahataridabite cdidtent didlectiadproxiti@®'to tif cdridgetors 300,

- 10 shows a %acket 260"f.gvegjn$h§ tightly fitted
thegttsaiicpt eRePhypcat wapan siho gable TR agdpiEniish
illustrates that_the jacket 260" can be fitted
ar oldind t K@ablebreLegath Limgationsnber of different
configurations that help- mnimze the voids able to
[09136hi n The gassestichblas 130 rcapi bhigenfigered #B| wdygoalienHcrosstalk by
I npedance Uni form ' i
R bR P TSl A A el s 0.
méltisfed@ldve, prBdllRl loks-bVee pointestivesn thé twisenagiad 24000f the adjacent
signal.s by mnimzing the i npedapnce ., 39 WO o
caplgp 57 QaS AN SSTTEH DTSSR/ G AT e oS 4rBRget hEhe parallel
pdufi 8Lt WhefdIbr GARELpERD40SPRE idehfidt lo¥ sindilie 12628 gfhs1e20 adjacent
can be configured such that its conponents are
toggacte piet.y Thoi mimdmiza the pirellencrasstdven poiats peiwrast the @djacaiecables
onponent i thin the jacket. 0.¢ gen
iy TR ol g SR ARt R (NS Bty ipen e
cabf0 1200 iameli&dilyt thestvd Yihe by dergsied of o vievist&p eaird 24@|dry changed
the twisted pairs 240 can _be generally fixed in
aqsprding onthitwisting 9bdeg cable 63@ é[rgﬁléfeffgﬁ the (pdjageRs cables 120 can be
) i .t i t i .t i .
R B F e R e R DR i R BB e
-lengths of the twisted pairs 240 of one of the cables 120 from the lay lengths of the

twisted pairs 240 of adjacent cables 120.

[00137] For example, Fig. 11A shows an enlarged cross-sectional view of adjacent
cables 120-1 according to the third embodiment of the invention. The adjacent cables
120-1 shown in Fig. 11A include the twisted pairs 240a, 240b, 240c, 240d, and each
twisted pair 240 having an initial predefined lay length. Assuming that neither of the
cables 120-1 shown in Fig. 11A has been subjec{ed to an overall helical twisting, the lay
- lengths of the twisted pairs 240 of the two cables 120-1 are the same. When the cables

120-1 are pdsitioned adjacent to one arother, parallel cross-over points would exist
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pairs 240 in position. Typically, a conpression fit is
used, although it is not required. In other .
woeshsaet s, a further material such as an aqnﬁﬁh
may %éﬁﬁ?ed. In yet other enbodinents, the f %ﬁ%%8«n3
Is configured to. help generally fix the twsted pairs
240 in position. In sone preferred enbodi nents, the
conmponents of the cable 120, including the tw sted
pairs 240, are firmy fixed in position with respect
to one another. . [00133] The cable 120, by having
bethwedlemwssmmngnmm wits 20 the sabdds ©0h eng. niheitEsted pairs

24 RN G RO LT oSl K95 S22 piRbictly Plnce e
effdotd 6f GRerPaokRalR it thk ehbied a0-estplibify S0 wMAR 9901 are

I npedance variation. Because the cabl e~120
susgepeiblete nestingd physi cal attributes, the cable 120 can
be mani pul ated, e.g., helically tmnsted, wi t hout
(001 3&]r O(Hm*'vewgr $hegl|ay fengthn tf thapegpacioe taawdaiain 40 of the@atlBe1 20-

capl e able 120 can be helically tMASted
1 ofi e e dissi e S ek BBt A CHORTG DR RRIE] e 8 prodefined
lenPRZAHO Bfblds"PRAAND § aﬂﬁymatdif@é}ém dv@ﬁhqgfsﬂﬂlaﬁfw: d;rlgtes to each of

manuf act ur e, testi ng, and installation proceadures
the geblss d2Bdl yhe Qalbées damlebdcaxyxe |défifieyerht, exfd thhsnﬂablla@/ 1#@fhs of their

resée%ﬂv? By ngh? g% atﬁ??é}ga:n%%#] o 4ps gftgﬂg%/al%%hf ‘wee :1 nt f]gme

palr t he cabl do not, change nore
ooy i“%ﬁ eerarle é'a ?L%‘tﬂws AR A ERL RSB Vit of S cables
1200ebE gad. I YAta!’feﬁih@fj havebeSPiRsEaRPAFBRAL §ver$1f‘§v1§’t 15681 bREGE the
amount i s ap rOX|natey¥‘O 01 inches (0.254 mm).

twisted galdag l’zﬁhé iy e refeir Oo@ktéd Cplbiysl%dl thhrthctoehei Stshioslarly
tw1&£d tcgfl "i"?(%—e %%%W@%Preﬁ 0 h§ cabl afztoe 'ua‘ﬁr)e cat?%?fl(g? and the

sl gna ions ecause 5% signa eng

cableel 2@ ¢t et etw dififerqpoatad by dieid diffecbancables Byileddtinardll e gifferent
the cable 120. Thus, the cable 120 copfigurations

resylity P S O e BRI NIRPOcis CF G np R d A0 biveluges the

tw1ﬁb@rpa§r§eﬁda’déﬁ@b’sﬂﬂfél?|ﬁOQW?c@IlEHtﬂ%E" Ak SRR rsthOt”B‘ewhmh
physi cal characteristics of the cable 120 o

thFTéﬁ qrairs 2400 inpindeber 0erBBEE llaac’remMOO'Eh@gdtﬂa320{100maﬁ¢es the
tw1gtlléé ﬁvgﬁf:{ 24dlm’ﬁlbb‘a I2§1O Atbdb ?ctj)jlfg&twegyb (;ﬁ ntdqlgtgcrl] i)lglﬁsdﬁ & vgth their

ric propértles are
dif 30t tegultelt paytelitiis. ze | npedance vari ations over the
length of the cable 120. Any variation in physica

[00340Y | bRHeRFre0f of BR ovarall @wikdl SMEE cAiS 12@[‘9&{1’1 B@ fh{‘ther explained
enhance any existing capacitive unbalance of

by twaiysefertuprrical gxaupleshelnysnmneembodinests cthe adJusted or resultant, lay
lengths of the twisted pairs 240, measured in inches, may be approximately obtained by
the following formula, where “I” represents the original twisted pair 240 lay length, and
“L” represents the cable lay length:

['= 12
12 12
L1
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dielectric materials reduces any capacitive biases
within the twisted pairs 24. Consequently, any

whYsseaksvariation w Il enhance .only mnimze
capaC|t|%e bi ases. Therefore, by using nater?%PMSﬁPwﬁM”3

consi stent dielectrics proximte to the conductors
300, the effects of any physical variation in the
cable 120 are minimzed. 1. Cable Lay Length
‘Limtations [00136] The present cables 120 can be
configured to reduce alien crosstalk by m nimzing
[001AY] ocwsvmetives fobt ofahalhtdes 12065 sncbndes tpoiwitisd peit B8@Nwith a

b Il el
3B REIR, FBR 35 Bispe A iy i S B aanin S5 Bgton proefined
1ayaemgm 8b.40 q@ak@@olﬂ@mﬁi) ethd tis8al fai:CRih w%‘tws gfeld inédl 1 Rng th

crosstal k at high-speed data rates. The
of B89 Hichesdd 2. GB nsm)s rapd e twisiterd padr wdrvsmu@redeﬁﬂmdj ld)era:hgtﬁ @r 0.60

ol S A o SO0 855 G ST he 0 o

4, Ode(ﬁeemtbch&ﬁé &fé camanouh eheopbledmed 29 1606 tﬁé’\ﬂvﬁgtgﬁj zﬁ{s 240
di.ssimilar_and/or varying lay |engths. Wen the B

are1 bgitgned 5| follaypy thenfesileaal lash ngﬁryof érmgmstedfpaut g4Oa becomes
0
e R 0219 Peie TRfeR 5 s BRE R ot bEisk At pei 240¢

beavaies epprafithacdy 01364 ihdies ¢ab46), ﬁmllrsduﬁdntalby Wing& 6f thakwisted pair
24@%grall cabl e, 12% | a engths in order to
b s SRR SRy (09004 ingheg € 2 B Do e resalipilpg length of

 thed ¢kt f t hs of
e T ST

E?gsgxggiglt '?on@ﬁm%%v@o?n%agéﬁg&xg;g?gs 120-1.
[O(ﬁﬁﬁ}or ?h céjta?ent(t: gg?lgg]i';(p ‘SJHO asq 5 cari)tlesol gm}li AL&%EB% twisted

. The a oW | n
rantibmlyt ovi isnerdndumilly sat 2dQimila? 4@blcn§tﬂ£} and 248€ danzﬂiibﬂ bRBWdRn their lay

ste air 240 havin an initial predefined |ay
le“i%@ﬁ Al AR SO FEWET o PrdeR o TegMgs G otepences of
paﬁﬂ&%sﬁe&hv’é' t@istdd ﬁzﬁﬁ@ﬁl Q&@l@e St c%ﬁfe? quo Iﬂrlhé)g%gllé above in

hel i cal tmnstlng [ engt hs of the
whishi thesfirsuepblsr 120 ISttwmstfedaaﬂaésy lmgh of 4108 indhes §Hes. mitl erbecome

cﬂﬁleqa& lleﬁn aé‘]?i?eq% [fid %&%e ZJ § S ?fgl( %E gt %%sgfmla: gyerall lay

another CT 0SS-0V

leny¥® tﬂ&O@h@ﬂBtSféEst RGhiHUS2004h 834 Grom 4106tineRe (1des mncl)) so that the
corresqondln% twisted pairs 240 of the cables
resgliaggt layllengths of 4t dwistes paars 230 bare gt leacipsafo bmm@m@lel to the

tw&t%@pgus iﬁl@e oP@FeQ:'a{)ﬁllszi" sted pairs 240 undesirably
enhance

[00143] For example, the second cable 120-1 shown in Fig. 11A can be twisted at a Jay
length of 3.00 inches (76.2 mm) to become the cable 120-1". At a 3.00 inch (76.2 mm)
cable lay length for the cable 120-1", the resultant lay lengths of fhe cable’s 120-1"
twisted pairs become the following: 0.273 inches (6.934 mm) for the twisted pair 240a",
0.353 inches (8.966 mm) for the twisted pair 240c¢", 0.429 inches (10.897) for the twisted
‘pair 240b", and 0.500 inches (12.7 mm) for the twisted pair 240d". Greater variations

~ between the cable lay lengths of adjacent cables 120-1', 120-1" result in increased
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effects of alien crosstalk between the cables 120-1,
especially as the cables 120-1 are susceptible to
J 00138] However, the lay |engths of )
re?gggtg?Ve tw sted pairs 240 of the cables 1;&(?‘1528%034073
be made dissimlar fromeach other at any
cross-sectional point along a predefined |Iength of
“the cables 120-1. By applying different overall
torsional twst rates to each of the cables 120-1,
the cabl es 120-1 becone different, and the initial |ay
mstiaﬂgﬂiysbemednhthb lay leegthe of theecomesmindthgraspestiviAviaéd® pairs 240/,
I . lay lengths. [00139] For exanpl e,
2493‘8 °§Hé§éu hgghl arged cross-sectional view of the
cabl e 120-1 of Fig. 11A after they have been tw sted
/ [003G41di fAfCéia@m 1 e agigcentgagles L21-é shovanin Big. ieshould ket texdsted at

eniGPY SerpdR s efe ARtod Sl ek Bt UG Bl B lehgtegtone
at le@xva peddefinezidittances Sltchels aa&ﬂ ﬁxet’bﬂ Eable 1207k ti6@bBE hdvfg Eable lay

and the cable 120-1" are now. differentiated by the|r
lengfh £ KHY 26 lBHY 2B AT RE 240R thetforigsiopding iyisted pairs 240 are
t o
corg%ﬁir'élg tg'% nbf} al-a‘ﬁ@%{aﬂ% f%%cchﬂ@ I\v?}tg nﬁaé@e?&es ti%?éﬁ % é\mf lze:cgrg‘m,, pgrallel.
Aspai r$u124@1aén CdeSta’lk 1240, thiz4@ablef clH0l e trhingrhiyed theeause the
240" ich., tw sted 240"
conetupifia I 780%) 140 oy st oo bite Farbeasthoo wite the
corrddpbIHIES twRRd ﬁdi\ffssiéﬂ)daﬂéafhﬁlﬁta?rﬂzgaba nct4btoo a&@cto’ a %Mel lay
(coll ecti vel y "the twi sted pairs 240"") vvlth their
sitetipp.e fresprme eraipddimpnts ) the cabéfngw Pengtifs@d 1hquJ et aablee 2@ vary no

fth | -
e T e -

call&TR2 (e hbhedintbBiduz)] chible lﬁdlek@ﬂhﬂﬂhat Gfary €6 Udsk aRdn, the @itedetermined
Ieng%hs of the tw sted "éd é % rreasured i n inches,
B S ORPRRE A8 ol HRH 9 1FPER BICPISIRengonE ot least

prJd@ﬁrf@d' BstatR I @enekally Eﬂfnﬁﬁiﬁﬁﬂlﬁ ekRRAiQE k&HBR! 1ri Wnsd eeigbodlments
pair 240 | ay Iength and represSents the cable |ay

the @_rpglpl]qnmllgd appoupp is Lapp1ommatglyvxp)ugo@5mm58% percent. In some
. 0 14 une,.t.hat first of the
e 9 PRI G PR A e

Maximum Cable Lay Variation

[00145) The adjacent cables 120, such as the cables 120-1', 120-1" shown in Fig. 11B,

can be configured to minimize alien crosstalk by having unique cable lay lengths that do -

not vary beyond a certain maximum variation. By limiting the variation between the lay

lengths of the'adjacent cables 120-1', 120-1", the non-corresponding respective twisted
pairs 240 of the cables 120-1', 120-1", e.g., the twisted pair 240b’ of the cable 120-1’ and
the twisted pair 240d" of the cable 120-1", are prevented from bécorning approﬁmatelyr
parallel. In other words, the cable lay variation limit prevents the resultant léy length of
the twisted pair 240d" of the cable 120-1” from becoming approximately equal to the
resultant lay lengths of the cable 120-1' twisted pairs 240a", 240b", 240c". The lay length

limitations can be configured so that each of the twisted pair 240’ lay lengths of the cable
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predefined lay |length of 0.30 inches (7. 62 ram, the
twisted pair 240c with a predefined l|ay Iength of

Wo 4R sighes (10.16 mm), the twisted pair 240b,wm ,
pr edef i ned lay length of 0.50 inches (12.70 P /’E’Egﬁgoums

the twisted pair 240d with a predefined |lay |ength of
0.60 inches (15.24 mm. If the first cable 120-1 is
twi sted at an overall cable lay Iength of 4.00 inches
to becone the cable 120-1', the predefined Iay | engt hs

f the t ted 240 t t d
120?11@%93@9%%.%&@5%Eﬁﬁx@ttwwa%rwe%l 1§¢ leaeha o osghe 1201 a
anyQ‘f’oCSQQE on rﬂ)ﬁl Elﬁ:llé‘ At h{b@l?)?gne(czmlg§g2(ﬂm 120-7e

te

resul ant the tws pai r

[Oorzgéur?[ﬁm %F;l%t gﬁta}ealﬁx\frblyn ?%ﬂc a g{heg Gc‘n%%ezeﬁ's(i&xi Eg}ggent cables’ 120

 indVRRAMBHIsRA PaRXI408hE leygBs 44 Ivﬁ@hﬁgsto() kﬂuo?x? 81frenk, ofahél adJacent |

the resultant |ay Iength of the tw sted pair 240d

cablgs d3frweeraappistesk tm@ﬂy comparpd it thedwist 1aie ofaneihgr cable 120, then

orl BT Skl 2 S8, Pkl P8y e

appbéxiinaleBt patalial ameMmuw undegiratdp dooréage alte elﬁfms of hien d:raystalk
| engt hs, and the variation between their lay |engths
be%’%ﬁ‘“ﬁ%a@lﬁ?ﬁ“f%@% I8in certain ranges in order to

m nimze the occurrences of parallel respective
(00847 1st duf tlpﬁamgnré%ws@t%@nm N&chathe ableoP0- 1 ringladed an overall

cab?g(ﬁg?én%th 4V X’fb cﬂm}%}et fe'ézaﬁ’llta qi’ %/(o%gpbeltv& rmfd too tightly

if ibeepsThelidalie twateldeat ]aZ&b]b lay aanghljoacagplbxﬁmﬂyd Iiahicbes (43.434
120-1 can. be i St ed issimlar overall | ,

o) A R (434 Bt s S S AR T s o Aot 20-

1 i\ﬂ&gg aitsLhb @e(’fﬂﬂe e lei&v@Jmct toe2s5rigsHel (@17 Indy) £heM8 thiSted pair

of its twisted pairs 240" are not too close to
24098 cO AR ipchesr @138 mmbfor He twWisipd pait 240l r &2 U pchesf (71278 mm) for

thel%Lt%d %40b"[ 8%‘!)34}44 ::ﬁ%egﬁ@lb @Wm%@:fﬁ gﬁ@g@fsge‘;&i" Lb&r 2400”.

Altheng fheOfablBs OQOI-I'I,CI‘BQSI”(CY)&chd‘imjn gt tovisoaCpain 24@(3 2dabhew have a
120-1"

a l.e |ay .
sredicg VeuBiow lizébelifesmmé P%&Iaﬁtf%ﬂmﬁ%wbl eﬂsthBFa rd204" wes
twﬁé@la??» 90 helled (76. ﬂﬂrﬁts%ﬂhe B@m&l&%%@pohhﬁoft@hskéa a¥9 240/, 240"

273 1 nches ((6. 4 mm) for the twisted pair 0a"
of ﬂl@%lasn@ﬁelé, 129- E’Glﬁivmivycm immemmmeéx pafalieli rlesIL@rc:reases alien

ML RO AT T o T

cakiegat @1’ taidtat AN 3408 Qbmﬁﬁn&ag eatlk ehd eaéultm gk gength of the
adj acent cabl es 120- 120-1" result in increased 43
cable’s 120-1" twisted pair 240d"

[00148] Therefore, the cables 120 should be helically twisted such that their individual
‘twist rates do mot cause the twisted pairs 240 between the cables 120 to become
approximately parallel. This is especially important when overall cable lay lengths are
gradually increased or decreased within the ranges specified, as parallel conditions could
be eQident at some point within the range. For example, the cable 120 lay lengths may be

limited to ranges that do not cause their twisted pair 240 lay lengths to go beyond certain
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WO 20. 05/ 045855 PCT/ US2004/ 034073 dissimlarity
between the lay lengths of the corresponding
e tw sted pairs 240 240" of the c

W@ﬁ@iﬁkkéfzo 1". [00144] Accor d| ngly, the adj ag'&e’f/pé‘zoomsmn

cables :120-1 shomn in Fig. 11A should be tw sted at

uni que I ay lenslengths that are not too simlar to

each other's. average cable lay |engths along at

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

120 section. By having cable lay lengths that vary at
reduhmﬁtla)tmnghr\iionndmm VBy It‘aistlﬁ{ﬂ thd d2Bles QDO S8I9OMHEHIA Gertain ranges of

t W St airs 240 are configured to be non-parallel

cale Iot Topgihoc B SHFesAP IS G | PRifsafb obthepeablasi 1 should not
B ey AR s oSk iy BELIEER Mo ontuec

sud:lwhstt tdael rgsaitars 134engdiaveont sftheitwatedrpagy R4@edualsdb more than one
cor respondi ng tmnsted airs. 240

fesaft ﬂ?‘ﬁgﬁéo?“bo‘ahé?n%‘b of dlae Othss ¢abls 120paken ¢xampleyyonly the
coﬁéstﬁéﬁ&hg Ryisted pﬁﬁg‘%@ Hpﬁ‘\@' JIBRE 240 tsﬂ@ul{f %pérer}alléiﬁallaﬁaq b Ronsths.
t he adj acent cabl es 120 vary no ess than a =
In pmed@tn@pdrmed MWMedoﬁama@Ochubbrhemf tht Ad@oesne cables 120 will not
enbodi nent s the 20_have i ndi vi dual
beOIRy Baffﬁi%%t“r @ﬁé‘m t £ 240 95%115&&@0 paRRihe gl the adjacent cables
12pr edet erm ned anount from each other's average
i ndividual lay length calculated along at |east a

[Oﬁr@?efln%%edérﬁ&%}ﬁ&tg’f th %}S&ﬁhhyyiﬁﬂsﬁ %H&ld&ﬁéé Yor the cable lay

ext endi ng section. In some enbodi nents

-1€rm&e getheraabiee d2& mcmablusmdampnkngmt playinpin Saratiofi bousdaries for

erce [ t he predefined

cadiPlt BELEERE na 220 TP e BRSO et kimpl St iteasbls 120

indladey e bvisted @aird 0804 5hod, 1020 pAsE Wit Qﬁ&kc%w%?oolay%@ms 0.30
as the cables 120-1', 120-1 shown in Fi 1B, “can

inchsh (7-8% F‘E’épf‘?foth%t\‘ﬂsFﬁdz@lra%%n 00ggehesl (k2. %ymmhfnrrtge thsted pair

certaln maxi num vari ati on e varl
they MM@@ rpair O ayThe| temg trivs ofifthe HiestadblackOtmayabt @smited by certain

120- 0 or respondi respective
mgGRupt a%%ﬂ Paingi ¢ HiecRy A %28‘9 uisied 293 240 gf ghe cable
120he twi sted pair 240b' of the cable 120-1' and the

tw sted pair 240d" of the cable 120-1 ", are prevented

(06150 DRGONIaREIARR B e B dlmeREar Ak 1@1{ Tedgfh OF RS AR S 120

the cable lay variation [imt prevents the resurltan
should HOém:gmﬂq th¢ layt keegthwiisthedwpsied p2id 40d ad behlesscéhbh @.81 inches

38 ol ARSTRR RLB S5k FRBlon Bl Gegons s
th#P0.65 ikABR(15.404 ). PHOFesultat 8yl Rigth P M twisted pair 240c should

not become less than 0.41 inches (10.414 mm). By limiting the lay lengths of the

- 245 EHPIERR) 7.1 RPN pP24 00l BB BEYOED & o) for

individual twisted pairs 240 to certain unique ranges, the non-corresponding twisted pairs
240 of the adjacently positioned cables 120 should not become approximately parallel.

Consequently, the effects of alien crosstalk are limited between the cables 120.

[00151] Thus, the cables 120 can be configured to have cable lay lengths within certain

minimum and maximum boundaries. Specifically, the cables 120 should each be twisted
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limtations can be configured so that each of the
twisted pair 240" lay lengths of the cable -44 WO
55 PCT/ US2004/ 034073 120-1' equal :
“%ﬂgﬁ&@ﬁéﬁof the twisted pair 240" lay lengths © #Hﬁé@#&uwn
cabl e 120-1" at any cross-sectional point along the
-l ongi tudi nal axes of the cables 120-1', 120-1"
[00146] Thus, the limt on maxi mum cable lay variation
keeps the adjacent cables’ 120 individual tw sted
tﬁglr 240 lay lengths fromvarying too nuch. If one of
withiRe2 gaRstc bﬂtndeédm @smIpQuRe Fariatigh sandda toexittughtvesiation.  The

L th
mirfiIREY SHAbA pbllfaslnSios ¥y Enihe 30350heiR8 P Baes 40 of the
cables 120 frok Qeﬁg elyaaRNeX i TR SlaYinRah %hﬁion Wtn@Ry helps

woul d undesi. ra increase the effects of alien

preyeng 8¢ alore-w%meélﬁbt tastedjpaise R0 cefbthescabde. 120 oty Jbetoming

ok EEETTARLS KEBAPRIE S e B Sl A00e ccsa

betyddnlth6 catiys, 120he cabl e 120- 1" vvoul d be twi sted too
tightly if it were helically. twisted at a cable |ay

length of.. appiddeont@hBleyIwist/l | nches (43.434 mm. At
a 1.71 inch (43.434 n'rr) lay length, the resultant |ay

ooh ot D3 BdcubRe 268, AeScab®Or20lcaR 3k
[ ﬂ] | owi ng: CuO 25?5 [ nchecs (6.4 g 7?9% é?%?ig?/ 02%?%%&%% twisted
alomatrleasgtt@gpredeﬁn@wngmc s o8 dz&c)thm@ncﬁmagdz Histatod mh;aduzauon

| betv.ggén acé%glgt. dabl(e):s ggg hﬁ%lﬂsie %ﬂ(’\rg %tfilj%f)’?éﬁﬁt{ﬂ&?d tfq,pées 120 do not

havte\l\wfsteelcba&@IZuO #hdlre. parafle] g Andther. CoLE Seastl Ad-vhrying cable lay
corresgondl ng twi sted pairs 240", 240" now have

1°n%fh ‘éfr tha eable, 449 delrsnoymmizgethe inssances oftparalll Itwrsg:tdhsaxrs 240.
Pre?é??dqy,ttﬂ]@yabgé 1Q%Y>é?lg{h éfnﬁe &{%@ PZOl\zag g‘ove%?leaét%ésérege ned length,
. i nches , some of the non- corres ng
Whtlﬁwr%memn@a\rlm Qwonamzwm aanlﬂletdnexmlahIoable]lﬁﬁ)-vénauoﬁ%uﬁdanes
%econe approximately parallel. This increases
C¥osstal k between the cables 120-1', 120-1"

T8 b B ok i v o

ot ol b
oty T A e, 0 5 o

conauepsty matela§cdt o mr@duwbhdetcmseci h‘earrthen pdidefickdalengthvdush that

e 12 W0 LRI ST R I
subestpéisrisabhd) thengudrdeatidnsvdie Hosiuereal Ad]éb%ﬁtl & bRY 2ASRG! BRn at any

are
point of adjacency for the sub-sections, the closest twisted pair 240 for each of the sub-

dlSCHSfeed

sections have different lay lengths. This reduces alien crosstalk by ensuring that closest
twisted pairs 240 between adjacent cables 120 have different lay lengths, i.c., are not

paraliel.

{00154] When the cable 120 undergoes an overall twistiﬁg,' a torsional twist rate is
applied uniformly to the twisted pairs 240 at any particular point along the predefined

length. However, because the initial lay length is a factor in the equation discussed
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gradual Iy increased or decreased within the ranges
specified, as parallel conditions could be evident at
< within the range. For exanple, the

\ﬁg%%f'g& ‘engths may be linmted to ranges thaﬁ@ggzﬁ)g%muon

cause their twisted pair 240 lay lengths to go beyond
~certain -45 WD 2005/ 045855 PCT/ US2004/ 034073

resultant lay |ength boundaries. By twisting the

cables 120 only within certain ranges of cable |ay

| engt hs, non-corresponding tw sted pairs 240 of the
abgut|ths change Stromitis mitial liyeleoph @ppe qasuiahtelay i@@tabi @zllch of the

The efor cabl s 120 can be. confi I gur ed
sl p Ot“ﬂ'ﬂ %Fégehtfydﬁ%fef%‘y 1gnigshewsrtwerrdjasentichbles 120 that are

mﬂl\Md%El@_ydt»ﬁé‘tbtﬁﬁt«gﬂfgreﬁtqgf fe nore than one resultant
twi sted pair th of the other cable 120.

OFFS PXRDAP 9% 408 PSSR AR S 6 28 oo

acb(ﬁdgghe one bmbsdmrtEne nDisdharephd akid Qeﬁr&!eﬁiseadleﬁﬁh of #%ble 120,
acent cabl es 120 wi | not %ec

t
Se%?tﬁﬁ'i] P HI%)CP IRE %@Pedf b fertdcad apig, rema)entsatm tm:esmf overall
caBlBORehyiff Abenafl areiyt 18afl85is 149 15 %%g 4%&§lyf18$fea(sﬁ% over a

enbodi ments, the maxi fumvariation bo

Ceﬁabll@lgtlafﬂ) qf éhfgt&'bkon& Ipaafe:ra}lﬂb/eﬁerlﬂ\@ préideﬁﬁé@lﬂnbﬁxhe& the end of
boundari es for each of

e, ek Ry e s e P etERy BB 60 dpose At eate and

' contiiRioUEly dndredset 6 18asl 2 ndx1 PretifRed e
a0n Sah Sy aaeat Rk A ae iRl Maeht ) T bl S pattem

fogusaihe spwdprl chart slzowmﬂ)nf%g YheBywiagiiegitheaimist 240as skbvaDin Fig,
2, st ed 240c, Q.70
12} A %éctﬁ?_f; g{‘é;%bﬁ? 120 Mok Y2 frg%e‘%%  ledgfl ¢ Jiegsepartsd into

se¢tipnh eshi¢R&c86nsd) ndt @Hiare ahidehtia$ tvack @i 1 240d. The
twist rate of .the first cable 120 may be. - linmted by

[0€1561 ai The nabié mayMengthi bbb ounaRal Rast Ser the p{'e%¥ﬁned length.
p len hsthof t sted pairs 240 of the cable
f? 0] i‘c&m&%&ﬁ&léﬂgﬂp Fasdfredte B d RPRIPE imateiy) ghe aiyngth of one

fuhRfR@hA1 Vavditigath bf §E1gﬁ£k%§1 g rm@{%gglv?r tﬂgtca (iag ¥ ﬁglﬁ gives the

lay length of the twste _
fu@agxgnqahmslengtmnsvgh pemjzth fEheompistel & Zall dyal. | TRGUheH of the

40b should not becone | ess than
ot B B R g SPPR & BeneRael g Ene gt tonsmited
In t doenet \stm Oy adniibod#ktsS MY bngfhOtor PREORR dLES h@z{‘

0.41 |nches (10. 414 m‘r). By I|mt|ng t he %ﬁlﬁtﬁ{an Vﬁlength is
appypxygately three meters. Further, it is well known that events of a cychcal nature are
additive, and multiple waveleno’ths are needed to see if cyclical issues exist. However, by
insuring some form of randomness Over a one to three wavelength distance, cyclical

Issues can be minimized or even potentially eliminated. In some embodiments
?

inspection of longer wavelengths is needed to insure randomness

[00157] Thus, in some embodiments, the predefined length is at least approxlmately
the length of one fundamental wavelength but no more than approx1mately the length of

three fundamental wavelengths of a signal being transmitted. Therefore, in some
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i ndi vidual twi sted pairs 240 to certain unique ranges,
the non-corresponding twi sted pairs 240 of the
' nily positioned cables 120 should not b

‘gg%@%Q?%%¥ely parallel. Consequently, the efﬁé@ﬂgwgww“n3

alien crosstalk are limted between the cables 120.

[ 00151] Thus, the cables 120 can be configured to have

cable lay lengths within certain m ninum and maxi mum

boundaries. Specifically, the cables 120 shoul d each

be twisted -46 WD 2005/045855 PCT/ US2004/ 034073
emppdificatsa theangedtfingddéangly ia mppriorimmtelgr thadei anetasd aln other

i riation. The. mnibumyvariation boundary
emhgg%ﬁﬁ%” %I]r %l{g/l gﬁﬁeg{%eg l%ncﬂtq} BB AL IEESpai rs 240 of
t he cabbgi 120 from bei ng approxi mately parallel. The
maxPhum PEIpANGR MCASHEEIPSP el ps  prevent the
non- carrespondj ng twi sted pairs 240 of the cables 120
(081581 o comengmbedimensi et eabjespi2Qiche [propagasaciatzoah drpughputs

AV L fec f ;alien crosstalk
oo B E R R 20 GBI Sehe e S E R Beplo e shanmon
caphsitglbbonestamdredhnater, letighie catdd 120 28 f@nhhapppR@RHel B gigabits
non- rcﬁndom y twisted along at |east the predefined

Peq G WIRSY tinPsriogmace: i Y e Grasgalkanisigainnewith digital signal
pro®Bidy zation between adjacent cables 120, it helps

ensure that adjacently positioned cables 120 do not

tyd. st.ed pai. are parallel t ne .

(0013, e xR if 3ng EridBhor B B Foup A0 ompyiss soven
caldés 12epesiiined 126kifainply Giljaterii26 calte ofhBs baRGRroximately a one-
h&gr Ilel tw stgg pairs 240. —Preferably, the cable lay
u F@F}‘Ft%flﬂtgﬁé Bicadlas §2Q, are @Eangyd puck: thiteenst centrally positioned
catilé €9@fsi siREuld8A BY fhe ot} s EcdHRERRID! 7Y &%ﬁ Mﬁ'f'gul_laﬁgn,%é(&e[g'fersn 120
~and the mninum cable [ay variation oundari es :
cany frarsdsiigh-aprsd alata] YpbE3gt rile apprbhahinPidcarpabeng 20 gigabits per
seddglii cally twisted at a continuously increasing or

conti nuously decreasing lay length so that the |ay

| engt, j o ' are either continuousl
Vlf nc%&@e‘g&%ﬁ%wgwg@cr eased over the d
redefined | ength such.tha en the predefined
o] ¢ HrBEopu FSRREH 15 SR 1 e Apesapin 8 rph peicyve. Many
erbBRiticals QBhdl AppReatidRs oREP1RE Ghé @Qﬁnpl@ﬂ gl}otvn%ﬁ SHR$ BE tak/;f?:ﬂént to

are positioned adjacent to one anot en at an
thqsgjofy skibfin ghj et eprmyrefding theeatoub dsseciptionsThe stepe lod sesinvention

shduth BL gge%héd_, %éto w]; Eefgr%%pe t%f th'é Iggovséucgscripﬁon; but should instead be

determined with reference to the appended claims, along with the fuil scope of

equivalents to which such claims are entitled. It is anticipated and intended that future
developments will occur in cable configurations, and that the invention will be

incorporated into such future embodiments.
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sections have different lay |lengths. This reduces
alien crosstal k by ensuring that closest tw sted
pairs 240 between adj acent cabl es 120 have different
lay lengths, i.e., are not parallel. [00154] Wen the
cabl e 120 undergoes an overall tw sting, a torS| 6& WISE
twist rate is applied uniformy to the tw sted pé B Y
240 at any particular point along the predefined

Wt h. However, because the initial lay length is a
factor in the equation discussed -47 WO 2005/ 045855
PCT/ US2004A 03le Ti8ler, abmpdsinghe change fromthe initia
lay length to the resultant lay |length of each of the
t Wi statshsp potidnZéfning rtgibre, sdch@iishiyl relibhedodmiguretitg seldctively
shows two adj acent cables 120 that are individually

I%(\!\él\% 5{5{2\'1@&3d ot o? b&ifuctoRy, slnﬁ'?gélbﬁs ofl B3¢ pgﬂtlgn bl g d deﬁned bya

shows a chart of a variation of twi st rate apple

pﬂﬂr%h A tl%s%%&all?%&t%ﬁ&’ihg BrohPa Q%Z%%Mecﬁﬂ? Hbmoﬁbﬁg pllgﬁhty of legs

axl s repres nts a

r at ed | de ed The verti
FEBoRaieet o8 aBY Sirvins B8 ghe Bfertipes gk 4 3ot feds having a
As shown in Fig. 12, the twist rate is continuously
length eblsad approximatelysapalitn theehigmeter of th@ﬁelﬁmvebausp@vq@z@vlsted
preferably over the predefined | ength. At the end of
pde certain length (lv), the twist rate quickly
returns to a |l ooser twist rate and continuously

I nCr epfiRs cknsioh ekRadihg ritBalneoittwaidefsth oRedf s Wnlger legs ; and
(2v). This twist pattern forns the sawtooth chart

S howna ée@ofd xterisfon SeniRig/ial Pﬁllg REtw i Son] A df §£@‘ther legs;

in Fig. 12, any section o e cable 120 along t
predef ned h_can be separa LN sect ions
it crhaER e B R o fAPEREL £4iSlnod e RN Gt of he
00156] The able l,ay | ength should be varied at Ieast
€ PoRRE EAdGEFrRed SKERtPR. | Prof erabl y, the
predefined | ength equals at | east approxinmately the
| ength of one fundanental wavel ength of a signa
being transmtted over the cable 120. This gives the
f unda2rent aTheveabdd it clamoUgvhereigsaid ¢ablebilpliehelically twisted
full cycle. The length of the fundanental wavel ength
alongle pepHedihallxiyovehat hse @ pesiefined distagcessi gnal bei ng
transmtted. |In sone exenplary enbodi nents, the .
| engt h of the fundanmental wavelength is approxinately
three neters. Further, it is well known that events of

a Cycg I cal TR I ERLDE claim 2, wherein a filler lay length of said cable filler

varies over said predefined distance.

4. The cable filler of claim 1, wherein said base portion includes curved

edges configured to fittingly house the selectively received twisted pair.
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additive, and nultiple wavel engths are needed to see

if cyclical issues exist. However, by insuring sone
form of randommess over a. one to three mavelengtiQPYDm”S
di stance, cyclical issues can be mninized or ev E
potentially. elimnated. In some enbodi nents,

i nspection of |onger wavel engths is needed to insure
randommess. [001571 Thus, in sonme enbodi nents, the.

pr edeFi nedihesaflerfilies ofelama dswhergimrsgid exdensiops hayea curved outer
| ength of one fundanmental wavel ength but no nore than

cslgp farxeeravieg p jadket.| engt h of three fundanenta

wavel engt hs of a signal being transmtted. Therefore,

in some -48 WD 2005/ 045855 PCTI US2004/ 034073

enbodi nents, the predefined length is approximtely

thr e Met efik cably ﬁ’l‘ie!?%‘f clafifROhER M the fitd exRhGIEhADER second

length is approximately ten neters. J. Perfornance

é}{g%l%%r ea?ggitcﬁss{l 9%?%%35' &0§81{£Ear%n;00d' nments, the cables

can propagate roughputs approachlng and
sur passi ng 20 gigabits per second. In sone
enbodi ments, the Shannon capacity of one-hundred
net er Iength cable 120 is greater than approxi mately
20 gihabi { Ehe qable Bl o aloin i heretr il et eonsfeuiad for
alien crosstalk mtigation with digital signa
pustDess aujacefitdo b58¢ondanblexdirp hieng iahleasta prededuicdrdistance, and
the cabl ed group 100 conpri ses seven cables 120

WRérkihi spiaedbleam Gir igheistad hivngeiiasesohd kable #ler S¥drar leastehid
approxi mately a one- hundred neter |length. The cabl es

a8 afid@pged such that one centrally positioned
ca%i 615%2¥s surrounded by the other six cables 120.

In this configuration, the cables 120 can transmt
hi gh- speed data signals at rates approachi ng and

surpa sin cond. . VI

T bRl et Jwgfﬁarsgaafdpﬁb&ﬂ'ﬂir i Atiégatss iller
to be |Ilustrat|ve and not restrictive. ) ]
leniengtmdissimilan@ompeid seeendogbledtlies’s lqyﬂamgtb nbarésmfeﬂ adeng said
provi ded woul d be apparent to those of skill in the
predefinednisterdi ng t he above description. The scope of
the invention should be determ ned, not with
reference to the above description, but should instead
be

9. The cable filler of claim 8, wherein any one of said selectively received

twisted pairs has a lay length that equals no more than one lay length of the selectively

received twisted pairs of the second cable filler.

10. The cable filler of claim 7, wherein said cable filler and said second
cable filler are twisted at dissimilar filler lay lengths such that the selectively received
respective twisted pairs of said cable filler and said second cable filler have dissimilar

resultant lay lengths.
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determined with reference to the appended cl ai ns,

along wwth the full scope of equivalents to which

such clains are entitled. It. is anticipated and LLOYD WISE
i ntended that future developnents will occur in cable
configurations, and that the invention will be

i ncor por at ed into such future enbodinents -49 LLOYD

WSE d ains: A cable filler, rising: a base
portildn foFha %Qlerfélbqr@ﬁ glairg écwh@ﬁnss&l Igskefitefpion is located a
configured to selectively receive a tw sted pair of
digganhediam the eated thae ¢ appeoxahatehi tvoliases thatrafiseid seedndgextension.
defined by a 5 plurality of legs radially extending
froma center of the base portion, the plurality of

| egs including |onger |egs and shorter |egs, the

| ongeyy | egg ching) ddiigigt | east one leg having a
l ength at | east approximtely equal to the dianeter of

the S“?ll@agu\yoetlu){sc}éc?gﬁ ogdcf: \tged pair;. a first

ext ensi on exten out ward fron1one of said

| onger and. 10 a .secopd .extensi on exten

| oA Al TRePE S rios ﬁ%ff SUFRL SOttt BecisiEportion
wherein the first extension is |ocated a di stance

ingludingra plyiskin ofdegsent lepst one legdiavingadenaih ef lopst appreximpately equal
second extension. 2. The cable filler of claim1l,

totthe diameteaiofsaid bl istetlipalrgthe gluteity eflles/ddfiniisg @gion&,'fthe twisted
along a longitudinal axis over at |east a predefined

phis o6 Iuctbrs B_Jﬂﬁ%] paditiénddi wikiethe @€gi6hsa th® a2 lea¥d Bie@ixfengion
filler lay length of said cable filler varies over

. ’fé‘hﬁ{%‘%ﬁ}g GAvAl ?Ltog{‘gr?e ofalidAegstdt @ea@@&’bﬁdéﬁﬂédeé'xtéﬂft and

rern sai ase portton 1 ncludes curved

fﬁgifaégﬁ{tkﬁ%fisﬁ%oéa. sihé 3%%@5"#?&5&20@ %ﬁ s fep e at leas

filler of 1, wherei sadetenS|
2% G i

QNG SXEENSIONO &reating Ia P ot e erjloe{ag 15 Jac ¥?ha?extends along
a length of the cable.
13. The cable of claim 12, wherein the non-conductive filler includes a

second extension, the second extension extending radially outward from another of said

legs of said base portion.

14. The cable of claim 12, wherein the non-conductive filler includes a
second extension, the second extension located radially beyond the twisted pairs of

conductors.

15.  The cable of claim 14, wherein the second extension is a separate piece

from said base portion.
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6. The cable filler of claim1l., wherein the first
extension and the second 5 extension are of

di ssimlar cross-sectional areas. 7. The cable filler

of claim1., wherein said cable filler is configltED WISE
for positioning adjacent to a second cable filler

along at |east a predefined distance, and wherein

said cable filler is twisted along said second cabl e

fill elo oveFhegablepfalaignl Xy wherpimihe degond sytegpion amweapped about an
The cable filler of claim7., wherein said cable
ditéricaof the jackicst ed at a filler | ay length dissimlar
fromsaid second cable filler's lay Iength at any

poi nt along said predefined distance. 15 9. The cable
filler of claim8, wherein any one of said selectively

receiyed Ty csdbﬁdo%lﬁﬁlﬂ“%eﬁlﬂ d {v@iglgﬁ Rafrdale HeAMAlySwisted
no nore than one lay | engt of the selectively

le filler. 20
‘%ﬁﬁ#ﬁ%ﬁ%ﬂ‘é&“ ﬁﬁggpéo aIS{aJljﬁw §é,ef%\%ﬂer n said cable
filler and said second cable filler are tw sted at
dissimlar filler lay I engths such that the
selectively received  respective tw sted Palrs of said
cabl el&j | Héb e eable afglaimskd yhgreimenid fiflen is deligpdlydwisted over at least
dissimlar resultant lay lengths. 51 LLOYD WSE 11.
apredefatzidderfgth,| verereih adbyalength.of wihid felen varaisdver sasd predefined
extension is |located a distance fromthe center that
lefgtApproxi mately two tines that of said second
extension. 12. A cable, conprising: 5 at |least two
twi sted pairs of conductors; a filler including a base
portion and at Ieast one extension the base portion

I ncl ufjd nga’fh cal’éﬁ fl clz¥1 %?Is’e]‘m 9a1dl) as’pto{t or}llg]llcezl%geshérJl W eragedges

a length east prOX|na y éeq 0al Iame

of .sai st airs, pl urallty of | egs defining
congieps 3t°¥mﬂ g‘fwgltssaa‘dﬁ%ﬁf @ RiSconduct ors bei ng
positioned with. the regions, the at |east one

extension 10 extending radially outward from one of

said legs at |least a predefined extent; and
20.  The cable of claim 12, wherein said twisted pairs comprise longer lay

length twisted pairs and shorter lay length twisted pairs.

21.  The cable of claim 20, wherein there are at least two legs each having an
extension of dissimilar length, said longer lay length twisted pairs are positioned more
proximate to a longest of said extensions, while said shorter lay length twisted pairs are

positioned less proximate to said longest of said extensions.

22.  The cable of claim 20, wherein there are at least two legs each having an
extension of dissimilar cross-sectional area, said longer lay length twisted pairs are

positioned more proximate to a largest of said extensions, while said shorter lay length
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a jacket that surrounds the tw sted pairs of

conductors and the filler, the at |east one extension

of the filler creating a ridge at an exterior of the

j acket that extends along a length of the cable. 15 LLOYD WISE
13. The cable of claim 12, wherein the non-conductive
filler includes a second extension, the second

ext ensi.on extendi q radi al | outmard frgm_ anot her of
%Vé%‘i]l"f‘é*g"ée B?S“é%ﬁeg‘ Bséé’éo’ﬁ&a{q tg gaid fargesfiof said griengipns.

claim 12, wherein the non-conductive filler includes a

20 second extension, the second extension | ocated

radially beyond the twi sted pairs of conductors. 15.

The czibl e Diie cdbdd ofi claim 1) evherein $did catde cordpliestveittsindastiys

a separate piece fromsaid base portion. 52 LLOYD
Mhnehsioddl stahB&ds 8dtl 2 1€akt dHedf Mategory 41 &T0ddry b a8€ @be%ory 6 RJ-45
extension i s wapped about an exterior of the jacKet.
dbiesThe cable of claim12, wherein said twisted pairs

are helically twisted 5 with respect to one anot her

over at least a. predefined |ength. 18. The cabl e of

claim 12, wherein said filler is helically tw sted

over at least a predefined length, wherein a |ay

| engt#+of Ehg erblg of dgim k2, %@r%%w@éie@cw% aciewettg a gas such as
l ength. 10 19. The cable of claim 12, wherein said
dnwprosents lassm tHancpprdesnaelyeniperden of acloast pyeipbalcioss-sectional
fittingly house said twisted pairs. 20. The cabl e of
gsreabMallcabligided volamie @f bail shtslel operi d srededined idistaniconger

lay 15 length twi sted pairs and shorter lay |ength

twi sted pairs. 21. The cable of claim 20, wherein

there are at |east two | egs each having an extension

of dl 5SI m Jl“fri‘e catb%::ncgtt aim f‘i %he?enlggrdl tle%¥rt1<! c?ins%ftp tw sted

palrs dre positione nbre " proxi na ongest of

fﬁ;’r sfaé% ESI oncéqxbquatlon g ea(dh SP s%& 1steg‘ \éairs e an within

approximately a dielectric constant of one with respect to each other.

26. The cable of claim 12, said jacket generally fixes said twisted pairs in

position with respect to one another.

27.  The cable of claim 26, wherein said jacket includes an inner jacket and
an outer jacket, wherein a dielectric of said filler, said inner jacket, and an insulation of
said twisted pairs are all within approximately a dielectric constant of one with respect

to each other.

28.  The cable of claim 26, wherein a distance between said twisted pairs

does not vary more than approximately 0.01 inches while said filler is helically rotated
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20 positioned | ess proximate to said | ongest: of said
extensions. 22. The cable of claim 20, wherein there
are at least two | egs each having an extension of

di ssim | ar cross-sectional area, said |onger |ay LLOYD WISE

l ength twi sted pairs are positioned nore proximte to
a largest of said extensions, while said shorter |ay

|l ength 53 LLOYD WSE tw sted pairs are positioned
3lengsa longitidipaléxiso said | argest of said extensions. 23.
The cable of claim 12, wherein said cable conplies

Wi th industry dinensional standards for at |east one
of Category 5, Category 5e, and Category 6 RJ-45 5
cabl e®. 24TheldudlecatlaiAmol?2, éihatein dadh ofeaid at Rag& oneieltension
selectively receiving a gas such as air represents

d:8&R1s bBRAIMIBRRI Ut B 6 ¥ clo§lsRBE SR Ateadt affeadi®RE bf 0418 t\?i‘sted

[
a cross-sectional "area of said cable and a volune o
sal.d cabl ver r fipned distance. 10 25. The
%aérﬁg’é’ agreagtlsg}d?ﬁri%fﬂl\ﬁﬁ%r%gpﬁ a dielectric of said
filler, said jacket, and an insulation of each of said
twisted pairs are all within approximately a
dielectric constant of one with respect to each other.
15 2630. TheAcabled Seupc¢aNPASIE: sai d | acket general |y
fixes said twisted pairs in position with respect to
one amnbisheable Riéludiptwisibd paicsf abfsanfillér, anthejakat; sai d
j acket includes an inner jacket and an outer jacket,

wherein a i§i wh@6inrshid Bfiseedi phirk iehdteinclugéiat 1dabit®io conductors
jacket, and an insulation of 20 said twisted pairs

are all w thimn: j : [ i
ore. oty CIERUAPRERL TSltind A SRE4 St cc
cl aim 26, v*h

pairs doe¥ ﬁ%{a(fé@gﬁg}gﬁg%ai ? (I?{léﬁ gttg\é%%g%s %?Steqtdgeﬁgrgﬁy
ILECO:](eDS W\Agi o?l&iﬁ@xgaly 4%%@’8&%% aclglgg !l%l_g{h?tsz?lic:l %v(\j/iste%dfpairs having
generally dissimilar lay lengths;
ii) wherein the jacket surrounds the twisted pairs and the offset filler;
and
iii) wherein the offset filler forms a helical ridge in the jacket;
a second cable including twisted pairs, an offset filler, and a jacket ;
i) wherein said twisted pairs each include at least two conductors
extending along a longitudinal axis, and an insulation surrounding each
of said conductors, said conductors being twisted generally
longitudinally down said axis at a lay length, said twisted pairs having
generally dissimiiar lay lengths;
i1) wherein the jacket surrounds the twisted pairs and the offset filler;

and
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29. The cable of claim 12, wherein each of said at

| east one extension extends beyond an outer edge of a
cross-sectional area of at |east one of said tmﬁsteq.

5 pairs by at |east said predefined extent. 30. A LOYD WISE
cabl ed group, conprising: a first cable including
twisted pairs, an offset filler, and a jacket; i)
wherein said tw sted pairs _each include at |east two
conduct or s} OViskein ke effsehBargforms s AgiaeliHgmin thxjagketang

an insul ation surroundi ng each of said conductors,

sai d the fidiendseropéicahjes hing pesitipmed ploing\generally parallel axes for at
| ongitudinally down said axis at a lay length, said

lext apeddiefiaed distaavs, tige figeaelrsatdnd cibks icanthéting ae another along
lengths; ii) wherein the jacket surrounds the tw sted

pUMibs oFike hdiRaDfidg8lof fHel fir6fand séondndblel suchwhar i Iibcka@ are

offset filler forms a helical ridge in the jacket; a
?%?@gﬁ%g& el 16 's%nﬁ%%e?d pairs, an offset

and a ] ac &rein said twsted pairs
each include at | east tmo conductors extendi ng al ong
a longitudinal axis, and an insulation surrounding
each 20 of s conductor sai d ductors b
SRR TR LT DL TR
lay Iength, said twisted pairs having generally
independenthyrrofaisd at gingirpidar cpbly layhlengthnatany poi lelong said predefined
surrounds the twisted pairs and the offset filler;
distdn&e5 LLOYD WSE iii) wherein the offset filler
fornms a helical ridge in the jacket; the first and
second cabl es bei ng positioned al ong generally
parallel axes for at |east a predefined distance, the

firstyand gegoRd ga:&ﬁsl a%%&eatlﬁeltahﬂm qnﬁ‘eré‘lﬂ%ﬁmecrab@ 18¥ ®ngths

portions of the helical ridges. of first and
t
89? \%g gensg tﬂ?alneafsprgg‘?q gé”}fs %@%LL é @x‘gg't esan@ﬂfer ?uc‘flrtﬁﬁ c%grespondmg

twisted pairs of said cables have dissimilar resultant lay lengths.

33. A cabled group as recited in claim 31, wherein each of said lay lengths of
the first cable's said twisted pairs equals no more than one of said lay lengths of the

second cable's said twisted pairs over said predefined distance.
34. A cabled group as recited in claim 31, wherein said cables are rotated at

dissimilar cable lay lengths such that each of said lay lengths of each of said cable's

twisted pairs is maintained within an individual range over said predefined distance.
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31. A cabled group as recited in claim30, wherein

said cables are independently rotated at dissimlar
cable lay |l engths at any point along said predefined

di stance. 10 32. A cabled group as recited in clehyp wiSE
31, wherein said cable lay lengths vary no | ess than

a predeterm ned anount from one anot her such that

cor regpondi,n tMASted alrs o abl es

di ssi APl ar A @bladiEapep 3 cm%aﬂﬁm%svv@srel%ae‘gﬁ{s&epd second
group as recited in claim31l, wherein each of said | ay
cérep ae helically fwistadrtegetherbl e' s said twisted pairs

equal s no nore than one of said lay |engths of the

second cable's said twi sted pairs over said predefined

di stance. 34. A cabled group as recited in claim31,

wher eB@. saiAdcabddl @suppiiereti®ddaih @thimt30, RledirB&icHiolf 8did offset fillers
cable lay |l engths such that each of said lay |engths

of se@edb1&is sthidd GRRLRAR axts atBRr RYIEmsth &éﬁﬁhﬁtsﬁid%i’er lay

w thin an individuall range over said predefined
35. A cabled group as
?éngfht@%‘f?ald Caﬁeé_hgégs}%vﬁer ein said first and second
cables are helically tw sted together. 36. A cabl ed
group as recited in claim30, wherein each of said
offset fillers 5 of said cables is rotated al ong sai
axis af- a A ¢ablad grayp asiseited 18 etamNavhergineach of éald pﬁfyet fillers

‘lengths of said cables are dissimlar. 37. A cabled

gxtongs myonde ctosstséationklaren EGaidthested paisdyt dfassaprtdefined
offset fillers extends beyond a cross-sectional area
ekten@i d twi sted pairs by at |east a predefined 10
extent. 38. A cabled group as recited in claim 30,
wherein a void selectively receiving a gas such as

air represents |l ess than approxi mately ten percent of

at 1 eagt onecanils Aoff AORAEEH AR 10AWREA » PEANeRAR
C ca F

and a volune o e over said prede i he
recit

. . bl ed
m&vg?g]a gasoﬁuglix as. ?1}' il'%o?%ngtg g?sa afnfagg{oxnggely ten Sercenrpo%gt least one

of a cross-sectional area of each cable and a volume of each cable over said predefined

distance.

39. A cabled group as recited in claim 30, wherein a dielectric of said offset
filler, said jacket, and said insulation of each cable are all within approximately a

dielectric constant of one with respect to each other.

40. A cabled group as recited in claim 30, wherein said offset filler and said
jacket of each cable are such that a distance between said twisted pairs does not vary

more than approximately 0.01 inches while said twisted pairs are helically rotated along
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filler, said jacket, and said insulation of each cable

are all within approxinmately a dielectric constant of

one with respect to each other. 20 40. A cabled group

as recited. in claim30, wherein said offset filler

and said jacket of each cable are such that a LLOYD WISE
di stance between said twi sted pairs does not vary
noy e n approxi mtely 0.01 inches while said tw sted
iﬁ‘éf{li’rg‘ti%?‘?d%é#ﬁ‘@ﬁi ly rotated al ong 57 LLOYD WSE said
predefined distance. 41. A cabled group as recited in
claim 30, wherein said offset filler of each cable
includes a first extension and a second extension,

sai d 4l.r st Aerbled girawp dseeaiigd mclgen 30,5vhdrein ssidi affssefilderdf each
extension, and longer lay length twisted pairs are

RO ihtlaoeth ABE extprisixd Al LsebOnd@itéhsidn Sdid Exdt @RE&hSIBA being longer
whil e shorter lay length twisted pairs are positioned

AR 6ai@ 5Q6h ARk RndiOn, 3Rl JorRE RYderDf BRSIeq PairPfe positioned more
proximate to said first extension, while shorter lay length twisted pairs are positioned

more proximate to said second extension.
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