WD 2005/ 045854 PCT/ US2004/ 034034 CABLE UTI LI ZI NG
VARY! NG LAY LENGTH MECHANI SM5 TO M NT |1 ZE ALI EN
wWosihSiAsYy RELATED APPLI CATI ONS [0001] The prgsetaoos/o34034

utility application clainms priority fromthe

provisional application titled "CABLE WTH OFFSET

FI LLER" (Seri al.Nunber 60/516,007) that was filed on

Cct ober 31, 20003, the contents of which are hereby
i ncor orated herein in their entlrﬁFy' b reference

entitled "CABLE WTH AEENTCROSSERLK filed. on the
same date as the present application. BACKGROUND OF
THE | NVENTI ON [ 0002] The present invention relates to
cabl es nade of tw slmj,&’pm)u&ppm(g@:n@Ns Mor e
specifically, the present invention relates to tw sted

[0801] caliheprdserit il p%i@@@brﬁcﬂ!u?ns ReLRbSahe Wlsmnal application

th _the w despread and grow

Ilcatlons 000 ng
i 5 bﬁﬁMDé‘E! W’dﬁp@ﬂs}\lmalmlﬁwém@ﬁkthat whefiled on
{
Conr, . 8 18] LY TR e
Tt reffiérgimer Thp pexient apblicative is, relagdiMana applivagon entitled “CABLE WITH

_ F-\V ont ri but to . the desi and

QEERED e Fefihe sott Sl ARt e T e rces ¢ hat
are capabl e of comunicating the data at speeds
greater than the speeds at which conventional data
cabl es can propag é he data. —Consequent|y, the data
cables of typi cHACKGROEND SEANVENTION such as
Qﬁﬁ area network (LAN) connunltles limt the speed

#ht a e preseRtBpRtORNTRlAeS it Cales MadyicE etgnstfcbemquctor pairs.
M&r@§§é@fﬁcmy Rﬁ@ﬁ%&% fvaRich REkUES QWISEE% Wﬁ's G ﬁ18ﬁ]-§peed data
devi ces, conmuni cat 1 ons networks ‘utilize = _
%EWWEWFNUﬁ@PP@HEF@§ t hat |nclude tw sted conductor
pairs also referred to as "twi sted pairs" or

0083} rs'('Wlth Ahe ywidespreadwirst gdovaagruscn@ﬂ goieputtIs0in  communications

ﬂgﬁl&u?rgng;j r%ge? %gx)k({géé’ r\ﬁoi%'ééi é)f ddgtg gL?zEfH a%leo&%egtuated the need for

c)(ilmmilxﬂﬂ:aﬂmmh&ﬂwbﬂdsl 14 1 trhAdmit 1 thkVidata~Gd ﬁ@&oos% eddD Moreover,

2005/ 045854 PCT/ US2004/ 03403b
advancements in technology have contributed to the de51gn and ‘deployment of high-

speed communications devices that are capable of communicating the data at speeds
greater than the speeds at which conventional data cables can propagate the data.
Consequently, the d_ata cables of typical communications networks, such as local area
" network (LAN) cofnmum'ties, Iimit the speed of data flow between communications

devices.

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

insulated conductors twisted together along a longitudinal axis.
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* tbede)t heacahlig eld Lfo eWsLalﬁh&d

» [ 0005] The twi sted pair cables nust neet speci'fi c

standards of performance in order - to efficiently and
I Ly transmt the data between the co
e\gl&)f:'@é% %/f cabl es do not at |east satlsfynwﬁgjg@%"w034034
standards, the integrity of their signals is
j eopardi zed. Industry standards govern the. physi cal
di mensi ons, the performance, and the safety of the
cables. For exanple, in the United States, the
HPOQ]r onThe twidied tplajre:ables!\wst:inadsti spevifie srndardsiof pafdrd@sce in order

I.nd ciati I‘OVI des_ st andar ds
Bty SREAstiady et Bl e Rt <eh S Pt ation devices. I

ablee 5@t\/l€£s@|s tsBy BHeSstaIARIS! tHRSinfd
thege 8rHOS| m | arass?yénc?ar%s [(?006] nAgfggyr%ﬁ}gl?ts%qgﬁtlsegomrdlzed

éﬂ@tﬁﬂé’ét@ﬂﬂfﬁﬂ ap\psn therphypisslidimenaiens, &F perfomnande paidithe safety of the

%91 §S I Sp el:ﬂﬁﬂ?d HlS' e S?)Yﬁate@l SR rg%‘ gg%ﬂ%abﬂef:tmpw Industrles

udlng nenS|onaI propertles,

|Aqsedamm1ﬂ‘ele¢mmnmmtaums Tadabtgr sAS§dcﬁiti(>n {B1e/sLangaviles standards
| re ‘@lhat t he cabl el%(g?erform ‘within certain

ﬁﬁ? PTBE She B TRTEAR ot e BGRIGTR & SEEebIEs Sy e icasien ggjgtries have

QicRldopRB kiR se 8F aRBhEStaffards250" s specified for many
tw sted pair cable types. The st andards also require

boundaries. Thé range ara r%boun %{rm%etgd pair cables is
veyeiuated disrenetivergl MWI&tlﬂﬂpdm’ggz{;mﬁmbM EOppTtds, tlmabﬁmabﬂlty,

5B Her G, S SR8 e YERRHE i B HRSERs o,

Senﬁantdevt&mt partmetes bbaiatied. NfHod engtakef &ombtiRRine E&b&ﬁgs outer cable
ch as ir&%qgffects of i npedance, attenuation,

?jggt?fap hét 8PeGitied for geanypedsied pais gabler ypes r @‘he standards also
he§dify theekeCcabRE e Bt R itk Re@hifl @lectRalBbiM @b, fThe range of the
adequat e signal integrity. [0007] A discussion o
i RRFRRRieTClRoungarics {aEes eppenging azy s SftabRtesiof theneigpal to be propagated
I dy r t o b
kB b bl ahd el £ SRR EEh gl ecoms
_rmqmmssltl\e:ﬂp ngdeseable infieness fofm theecablst saichaap p:mseffdcts mf impedance,

he f| f I I
i ot BreRlnc d PPy mhefbromdc san reamire beter cable
qmnﬁofmmeen bdlet foamaifipedaBGeOfigl iftadig. S tw sted
pairs. Theoretically, the inpedance of the. tw sted
0087]i s di dissukdivn oP iIpahde) BdnubSord, %d'c?&@&]l@%?hélé%strate the
conductor effects and inversely pro ortional to
dipirtions 9f sonveghpnal sablas.oThe ffirsiclisied paogler. impedanvesis 2 unit of

o ':ﬁeﬁhx%oeﬂﬁ%_és&?ﬂx Bfimk hgf Bgﬁétzﬂ &@%Qitm{n %ﬁelde%tto th flow of an electrical

traverse I nstance,
tsigmas nikesistdng capamtnrmedambmdoétaﬂdé(baﬁlﬂ Rantnbtltel o the 1mpedance of a

rt nt that th cabl i ng over ich it propagates
B, et Pt | DR 1] Gmee: o8 ol pe is directly

p%oportlonal to the inductance from conductor effects and inversely proportional to the

capacitance from insulator effects.

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

cabling over which it propagates also possess an impedance of 100 Ohms. Any deviation

2.
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WD 2005/ 045854 PCT/ US2004/ 034034 fromt h| s i npedance
mat ch at any point along the cable will result in

The transnission end of the cable,
degrading the transmtted signal. This degradatlon
due to signal reflection is known as return | oss.

-\{@EJO?@E& yn of part of the transnmitted si gnal 5&3%2004/034034

[ 0009] I npedance devi ations occur for many reasons.
- For exanple, .the inpedance of the twisted pair. is

- fdth wROGRskdRYcel gtcR ly &iyotlintalshgahecible oAl raul rm BefleBffon of part of
- of the tw sted pai r, including:. the dlelectr

phe Farsmitied ggnal W@clﬁ&t\@rﬂsﬂ% Uﬁ%%sﬁa? &ng gf &lﬁdﬁble thereby degrading
Ct‘ﬂ@ e stlptﬁaé ‘f‘hi@&ﬁé%ﬁﬁatﬁ)fn dub % Siopd lfsﬁ%gn tl{}&own as return loss.

I amet er I.Ns tion materi & aroun

f@p@éﬂ‘“ Olripegalls S RAANS BB WPERY W HRN HGL oI B8 impedance

at’i ons ween palrrs; -

~ péfithe It\aweuqmghbs:lﬂwhmecaby ghd physivab bked eleoumBaI mrﬂiutes of the twisted

cycle): the overall, cable Ia Ien

{ P {tislugings the; figlectrie peqpegiss obte gnﬂﬁ Brwalgf@ o egchj qoductor; the
[ @248L: Hemadstadchs; ﬁiecmﬁnétexsafqﬁe AshlakibH tn%fteﬂ)eﬁ ahnﬁd the conductor:

twisted pair can easily vary over its |ength

| trp eliiviance b@quenethpvqogd@morp,athp tejiongipsabeweve rthet masted pairs; the

%%J]e p%fr 1 )E?en% dlﬁﬁncg?%/ rcio%n% e'i]é \é’?%ﬁv c?&eg ttlhS oag{al cable lay
aledgm aniditleanti gmness n’b&ﬂgmket maoumding Hertwistaipie, an .

i npedance deviation will result froma sinple.

| [pO1632S € Bedhubd thecbblalised bieanoftthe t\@l@fédgﬁ!r%ﬁ e@sﬁlyt Vagy over its
twisted pair. -At the point of increased

blshgib e fRRedRpfeceidhe B@ng pair may; deniatrantes e ength @é thespaig. At any
bEGAUSEre {Hé'féeﬂaarlﬁﬁngesmlﬁﬂ@ﬁﬁ) Sl BeriliiE Lo thy tw1sted a1r, a d?v1at1on in

proportional to the distance between the conduc ors
th@eﬂwcgtq;cdurpau For prouple, & émpestenceadesintionsvill result from a simple .
NGEni! chétaﬁ %Slﬁgt\tv%%n th)éocroﬁguc%xg & thget g&?n At\t the point of
ore, ance varla |on VEr
I Bnmndoﬂlstanmbbmaes thy mmsmdd pmrmﬁmdampzhdzmé wilh increase because

.particular. the stan s for

pEPRGS?‘P?ﬁﬁ%rS‘Qr“@’q‘E?EbF%Fﬁ SRR Eh e i it enwanp o conductorsof
VekeYwRtdypaiti thin a |inmted range of values. Typically,

t hese ranges have allowed for substantial variations

| onrpedansRed 0addiRAs tif Sinlpati/@E | Wil eésult’ AfiWor@Niknal degradation.
data signal s. has been mai ntai ned over these rangeés.

k@hfervf@re tbm@llewﬁlﬁe rigpgdance fvariztine egictae Vergthtdf ongable is typically
tg:%’ s. h ?&dcﬂf ,f ec? opx?ﬁgﬁ‘érﬁg{%g%aﬁ% %E&Eﬁm{&%&?e;éﬁﬁe that the

ance-varil a

ahﬂpmlammf aahbld \memm wgthér a Epéted rargleg:lﬁah]&ear’Eyplcally, these ranges
ans Ther ef, accyrate and eff| Ci

0&55 g?FsS“i?Ftdﬁ‘P wagﬁtéc@a in im e becapse s lgtr@ﬁawg traditional

Wld&tB seﬂa'%t BecRPRAEEai AP RACRERIraRBES. S HRAS S, Nie %Qme ranges of '
gi gabi per second, benefit fromstricter ,,cont rol of

t Iimpqdmmdarm@onarjeapardm theeintegrity | ehdugh-sfeed signals because the
undesirable effects of the impedance variations are accentuated when higher speed

" signals are transmitted. Therefore, accurate and efficient transmissions of high-speed
signals, such as signals with aggregate speeds approaching and surpassing 10 gigabits per

second, benefit from stricter control of the impedance variations over the length of a
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-3 WD 2005/ 045854 PCT/ US2004/ 034034 cable. In
particul ar,. post-nmanufacture mani pul ati ons of a
”ﬁfn?]j ch as twisti ng the cable, should no

rob/%glé significant i npedance m smat ches | n'%%T/Uf'zﬁ’%w“O“
cable. [0012] The second |isted paraneter useful for
eval uati ng cable performance is attenuation.
Attenuati on represents signal |oss as an electrical

?nal propagates along a conductor |ength. A signal,

fat tle rpazitcatirt pestmaohiactiver orpipuiatioss ofj ai aak, dudto ag tW1st1no the

*5%@09 A 2n R es S RO it b“f?'rriﬂ%% ngﬁ‘it‘tgg‘ed%g]c%e |
| 0013] . T
BERED i 5nd, e e ety ot eVRkMing Sl serformance s

htespubtebin) A tréddarioh RIpRGET: SignBIABS ANl Qhrid DS D igR eﬁf)ﬁ)féa?es along a

surroundln% t he conduct or; the i npedance

hheA figrahyifnatienotted Heo smgcrialbecoma lueregbgnigdble to a
Qn r; h | amet.er t he cond 0

I(:) ggir}l tgé{ﬁ&f Te‘%gg?ﬁg glgge% a esnat hanpgny F@H&Fés\/é:f’g‘,mmees have
e’shabhahthmmxﬂsmt&admbdﬁt of egys iledt & &eemablef these factors.

For exanple, the EIA/TI A standards govern the

B0 3lvab I The aitzmmtion of £HHHIAERNEs bR Eevehe fAcirs ifdudRd- rtﬁc dielectric
e materjals surrounding the conductors a ct

é?r@}?al ng heter s rreeding dhe srndagtpr it imneranse of te conductor the
He@leRs} bf &e%‘iﬁﬁ? rtﬁé RigthrGhe cJ)rRW@{or dz}n%l 1€ Wl ter Pt th? conductor

Const antsz mni m ze signal’ Toss. Accor
Tredrdercie o F‘Gﬂ apce@@bleeasteMonﬂwtsu, thessdopted stasdards recrulate some

to ] ns?%éat getfﬁ)gdeéonglg tkh %?%ﬁg?ﬁés%ln%ﬁ@fpr ogf%st% ﬁ&lél“’la9l)e sizes of

pmductdes fbothe twidtedlpeizs.ri ¢ | oss than other material s
with higher dielectric constants, such as pol yvinyl

[9014) i d&h¢ Riv@rialF vt di@din osmﬁﬁ:oﬁ@ﬁw&ﬁtdffé&ah ghAbRFuARY Coecause
Sotugﬁts t o, reduce C?nal Ioss b maxi m zi ng"t he anmount
et g’ﬁprt&ﬁﬁtﬁﬁlqﬁ% e WW%tt‘eéd -Pailpwer disleqiice corfstanty tend to

hdnehieedigrd Nbs. CABSSaREy( I d r
acﬁal nset 1%1:}‘41 nal att ernugtl onag)yb;%%ndq? C%g%e?éeaﬁm ?Eﬁ such as

iéet]’ﬂélkf‘eqndﬂ@@naw ettyleng propieae (IHR) te spetitalhe womdierora These
[ el di T
ol 00 1 VAT DL 48 i
qusmmgsuqhg&sqvolyivmylemlonde (Pl(WBlt alF\irﬂwrco Vda'méfbdﬁ%l}mnal cables have
te t t '
AR BB b A B oot i
patilr&t B@hm ofdtsslbﬁrﬂiﬁedtﬁ@cérﬁ%ﬂl by, aiPiva368 ikGhtor against signal’

tw sted pairs. -4
attenuation.

[0015]  The material of the jacket also affects attenuation, especially when a cable
does not contain internal shielding. Typical jacket materials uséd with conventional
cables tend to have higher diclectric constants, which can contribute to greater signal
loss. Consequently, many conventional cables use a “loose-tube” construction that helps

distance the jacket from unshielded twisted pairs.
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WO 2005/ 045854 PCT/ US2904/ 034034 [0016] The third
listed paraneter that affects cable performance is

stalk. Crosstal k represents signal degradation
“&&g%yggéﬁbacitive and i nductive coupling betweeHUSIpEL34034
twi sted pairs. Each active twisted pair naturally
produces el ectromagnetic fields (collectively "the
fields" or "the interference fields") about its
conductors. These fields are also known as electrica

ﬂﬁi&gf orTHeNtGFd 8{sRACBark@ERH SBat Refelts etfbfe GRformance is crosstalk.
un

esirably. affect "the sijg]gal s being transmtted
- rangliotepessenss sighatdegradaisautie de sapaviive nd indyctivarasgling between

| : ﬁ%ﬁ{vﬁtgtgg ?pé%r\é‘\ﬁg:gzicx.l%[lgm&ﬂ%ds ag'l[ gxgtufaglgdﬂﬂhg e ;Qfe%rn'oﬁxagnetic' fields

e strengt )
dosiettpal e “ths fielis” di Sthahwteferofce fieldd™) abels ifsroomitdiers. These fields
source conductor increase. 1%0017 The interference

preeAlapsknopaas electrical RRiseror dntetfprenes Raspuse\hrlelds can undesirably.affect
eOSiShAL ein¥eRhrsmhid 861?%9 SiRk ord NEXE) cdn&u&o{lﬁ‘ agHE FieRs typically

si gnal coupl”i ng between the tw sted" airs a
poBhate ontyandlyfronh thetsparns poducioy owerck infitetdigtansab [The sixengths of the

s Yl bt PP R Tl B co R BRARL By LR

irs at position ear .the receivi end . of the |
RBE . 2Pt pp oS Plodhds BERR-E: ARl s f Erosstalk. Near-
$h@NRbsstallo UNEKTY Dl esireabf sighal seupliagshebleedl tet twistad pairs at
noise wwthin a cable e‘ntit¥ that can. potent]

| |
origiens BesSitmammsTHNEE 68F AL TIRAADIoI dutils PRer PR of g cable, far-end
RAdssik (MESEH) i€ 59&&&&& lof 68H A Suphitk BetWEASHE SwiiedSi8at a position

couplin et'ween t etW|1§ted pairs of different
@bl ths redeiving bt of thercdge. owvierpual crosstalk pepresentylaameasure of signal

twisted.pair o first cabl e aff.ected j.en
B PE P Bl e EPUR R0 R ULl U0 con

Rearidll g atit® .a sigriak indRodieg mSitiple Ertdesvistdd alRSMEXH)crosstalk refers

represents a neasure. of signal coupl.ing between al

S RLESEt huEh couriag bsivebn g PRt 2 et tabiep,, Tn other
al6@s! a 3ighh09Rla patRAIE] twiien phiy sdfcakirst RapRClabre &ffedt&d by alien
of a cable's twsted pairs and their relatjonships to
ecaesstable Heom ries wistodepaiisnel & ORI SeoRp qapley t 4lien Power Sum
ch}?}s&ak (ngﬁf}élg%p?esg{lts %rn?iﬁﬁx%lo'f 'siol}{erc%uEﬁrR’e&'t&E&laéﬂ Yoise sources
there are several “fac n I

ors own t& I nfluerfce

B cownsidd off Acabientbhtwdn potentidily affiest asigml. bet ween t he

twisted pairs; the lay |lengths of the tw sted pairs; :
t 00181y pe The bhysidabehatdceeristietf a dable’ ciomsedpatmayd dieir relationships to

materi al s used; and the sitjoning of twisted pairs. .
(5 Qs el fpmiE e R TooarPb e Biegael crostalk. More.
S%E?icaﬂﬁ B9 RE ASvelA tidiGs ChShRRFRARGICWRRIIsthiRCink Wiz the distance -

rs of' the cable, it is known that the effects of
chatwegrathk twisteHipairs: thealpy tengidis 06 thedwisitespaitsethe dpss ahweterials used;

Eﬁ%%gsgi}t%nvgy:c}é %gatg a_ rlzs%{l;isa 'ﬁlgﬁé S@s@t‘fgfingB&S‘tagsté)d’]patiR'\ﬁith dissimilar lay
lengths in relation to each other. In regards to the distance between the twisted pairs of
the cable, it is known that the effects of crosstalk within a cable decrease when the

distance between twisted pairs is increased. Based on this knowledge, some conventional
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WD 2005/ 945854 PCT/ US2004/ 034034 cabl es have sought
to maxi m ze the di stance between each particul ar

twisted pairs. [0019] In regards to PN
WC(? 5/ s of the twisted pairs, it is generall yﬁéﬁg\%\ﬁ}{w“"“
that twisted pairs wth sinilar lay lengths (i.e.,
parallel twi sted pairs) are nore susceptible to
crosstal k than are non-parallel twisted pairs. This

. increased susceptibility to crosstalk exists because

tchisled htver faighn ce nfdxéhids the dibtamee beyweanfdach tpattivulir efdble’s twisted
pajr are oriented in directions that readily’

iPA¥$-uence other twisted pairs that are parallel to the

first twisted_ pair. Based on this know edge, many

dOHPd nt .%rf&garé&m élse I Jengthsuefnihe twistespaies. it rganerelésbkeown that
t ek '

gf/l&?/eglr ylhjg gﬁ%ﬁhﬁfn lzdky rh P%é’xjﬁha ?%ﬂg% ffxgre()sqlapeptlble to

peosstalkothen atdﬂnon-pbmhgtthsstec[ PaiR0] This mereaﬂedcsugrep@tmﬁtyi % crosstalk

known, t hat tw.ste airs wth lo | ay. | engt h | oose

SRR ' RlerBR SR PR B By SRHE gl 85 Sriented i

Qﬁ@&ﬁdnaldsattrla@dﬂﬁhﬁuéweaﬁm tRAH S pakst dﬂatssle rdard1RY to the first twisted

| engths. Twisted pairs with sh or? | engt hs orient

tPal; rBaserham ¢hip rl@oa%edamgn@y W%IG“tmﬂél Cﬁb thee spughinto reduce intra-
I t o

Q@El@lcléoﬁgta%r B Sl erggpﬁbél é‘ﬁﬂle"{l{ﬁ s{cﬁﬁ)gfr}g ggggR’gﬁg{ﬁqg? ia?rrlgnaths of the

dnémdndewfsmdpampaexahﬁelengﬂment ation reduces the

effects of crosstalk between the tw sted pairs. .

HO02(er , It inage geﬂemllyl Iemgmhhatwmﬁstaﬂpaﬁhmm& oag 38y lﬁﬁgtﬁs (loose twist

t ti tuati
AHE B A HEcHIGER & wanl 10 & AURLaES WHRshort lay

flengiire rTwis@d 3das v&tlﬂheshaﬁérl l'a%] )len% hs Rﬁ‘ieﬁﬁ th"eﬁ Joﬁ§ﬁ<§5rs @Pér?b?es that are
pf&‘%r ation. Consequent | ength tw st ed

heg feompParalle Qsigatape rﬂtsllﬂ@r@ Bletqegdlat@ré@tf éortﬁlay length twisted pairs.
c
PR phR e R D prslApiBistion i REeARE el of crosstal
queedgfetmstgdrpalm niustiter, dorger bayEmeth h\&m@dsnaug kiust anore nesting to

cgur et\%/gén & g fc?gattlpcgr %fgi/tu pn%%lsv{/}?elak Et%% eth gl %gﬁ/ pairs is reduced.

| I’HﬁgfdﬂthaﬁidchadEﬁﬂiehBHity abpaits tvidsiat ﬂmk&@gr&ﬁ‘dﬁﬁtC@fsequEﬁﬂy, the long

.cabl e. For exanp in a 4-pair cable the t

(I Mt BusRe DA el BHSBRVIF 4§ esliRoks Ok @areRlipdncluding atien
ReSistali0 R abAhERRSH 1.3 ghn vliste@ganal | y) from each

other in order to maxi mze the-di stance between them

[[@921%] V\ﬁﬁﬁdtoﬂ%{%’ ﬁleﬁapl gmg QBI‘WE’HE&{&? ghﬁleﬂanvg s?lg.% reduce the

conveént i onal aveé’ been designed to regu
tdffectsf dfearosstaif bcttmeddmgelayahcngh uaristezmpaxmljy pogifistiag khe long lay

VYISI&%Q% Pglr%%.g\%ﬁs\{ 2BAT 312 gzac?(% £ é E:%;lcle.l B gxoarrgx%le (i)r]; at4hpa1r cable,
the two twisted pairs w1th the longer lay lengths would be positioned farthest apart

' (chavonally) from each other in order to maximize the distance between them

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

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



1 ' WO 200-5/04-5854 PCT/ US2004/ 034034 perfornmance
parameters. Accordingly, conventional cables have
w?)tzto /'H ¢,/ evel s of performance that are ade /&29&'/(%4034
e transn1SS|on of traditional data signa
However, with the depl oynent of energing high- speed
communi cations systens and devices, the shortcom ngs
of conventional cables are quickly becom ng apparent.
The conventional cables are unable to accurately and
gtfforniantd |pargmengragatiecertimgly, glonspeanad gtlles diagnaltgined levels of

that can be used t he ng. communi cati.ons. .
g TEERce At e A B QB B0 SRR oL G gnah gara signals.
Hdwe e, %ﬁp%e&’éﬂl@}nﬁerﬁ Q)fsdlﬁ’ig\ﬂng('iﬁglﬁ-ﬂﬁs%ﬁl it cdtons systems and
attenuation, inpedance m smatches, and crosstal k,
|dnw|:m| thegshertcemings ¢ soavdationalreables rare gwieklyi bpsomingeanparent. The
at.ur al |

bR om) etk Siny Lp e RERP AL b RSl EAEBRPHEIHE Hibh-sped car

Si@ﬁ!lahhat @ﬁ]{db@ tisdsby tﬂ')@GﬁJBiﬁrEg,JmMuhMmcﬁtsrdembh eAeﬂlentloned above,

interference fields generate hi ata.rate
ékeq Bleheoert. SERS, 26 U8 SPECHIYe B g gaghion” S to' Stennation,

géuafnb& ?rﬂﬁmﬁt@hetshﬁn& rcﬁﬁaamcwcﬂ\ml@é kg R ReRd Nﬂeécﬁ,er the high-
nal s l'e conventional cables could overlook the

§P¢@®‘u@at$fﬂaa-lfﬁ]é3hW@I‘SGB shesffectsyii erosstalinianprodigipg stronger interference
ggh the techni ques used to
gg %Pagﬁ%gg Eﬁhﬂpﬁ. t he conventional cables do
a ate |ev | ation Lo rot.e
qﬁéﬁ‘ﬁ?cab etQ g'n he ed: W‘?’e{ﬁa(r)esnsc? cf}ez&sb%etnera %i hléh %gta rates, the
ek ©F @ﬁerpc&bissallehaﬁ lgdaoma e:eﬁe siggifidast tolVhe eaveiissionSefiigh-speed

conventi onal_ cabl es hav 0 deS| ns t hat
ety sienals-woy kile E,OIiVﬁBP%rgg é?atflﬁ% ngg ngg{}p the eﬁ@tsr of alien crosstalk

- twhea e sRAiAStrhditidhdl @RaGlRAaR! Bl KechhRfue€¥RANb @ontkd] RESz&alk within
star-filler cables often maintain the sane cable

dheﬁ@tventlwl Fadrscdnepttpievidhidganas devsls ehisolptigmtorpisct from cable
dcabl@‘:z[ygﬁllclrcy'ss BéthQ 4 th%' Jonhw:t&t Eﬁlr&p@f :ﬁigh—(ég i oo Moreover,
e | ac sur %ere wor sehi ng t h€ ects of

adomncmweniml kaﬂdys bavmgmplg»ytmelemgmﬂ@d aptuially wxfrk to increase the

L e

adftdni @kigfaif Bedsante CabidTHRMeRR byade@Scing tiadihidkaeal of their jackets and
signals such as 10 negabits per second and 100
nrecg%ﬂmr@shlpe rth%evﬁ@d maHe closer b Gadpaket yyfacs) thyrehy gvorsening the

: oéler)étst anahteﬁ\”cxs(;s %kp@ brindif¥ that 4ifiNo §kimate conventional cables
conventi onal es. ver, higher speed signals

r doser kagethacr eased bandvvl dth. Accordingly, high-speed

signals, such as 1 gigabit per second and 10 gigabits

PE024jecolile Effdves ruft pewgmahs croastalkuatealalsp fncasesed tat ebigher data

in full-dupl ex_nmode nsnLssi on. over
transmission J&Jltes Tradltlon(a signals sucﬁ megabits per second and 100 megabits

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

twisted pair) over more than two twisted pairs, thereby increasing the number of sources
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tw sted pair) over nore than two tw sted pairs,

t hereby increasing the nunber of sources -7 WD

“%g%g/gé§§54 PCT/ US2004/ 034034 of crosstal k. /USZ004/034034
nsequently, conventional cables are not capa%T of

overcom ng the increased effects of powersum

crosstal k that are produced by hi gh-speed signals.

More inportantly, conventional cables cannot overcone

the increases of cable to cable crosstalk (alien

of essstalkk) Conbiqubntly; eestemtionalscablesr aased @plist aift owdrtoming the

e, el oot oS B BT o miocuPr BV Bithspeed Sinals. More

mpateamlyoraahvehas:mldw% Ghfot @e&t‘e&%l e W&%Qse@pﬁ‘# c8Ble to cable
to hi speed conmuni cations signals. For exanple, as

%tplgn@bembm%alk)s othich eraaitelkdpmancrersed substaghially because all of the
Wj@{eﬁ rg/opgagge?gy %{]ﬁg MSP?’ %ﬁ}ga&g) rs for effective

trans SS1 0N comuni Catl ons

BPST 0 SRt 0B STSE RS M Bt i

ke to@ chri @iidatiBnsSdi G, Fdﬂ@hﬁih@le», adiheHBbidd BBVE sbme&%a%ﬂmal data
pairs for _transm ssions, Iex hlgth speed data -
7

§ﬁ°§ﬂa|t>?1ﬁ'élﬁée%& @ﬂﬁb‘if%t‘%ﬁfl @é@s " eH{glive rangIRissions. el this situation,
Qf)m%hféatx@t{sesyisﬁzﬁfs %eﬁ’éuﬁgﬁmr«gdlcﬁﬁma‘n?&%%n{:% that one twisted pair’s

convent i onal ‘met hods use cancel out
pigodli wilhhiflctednf @et@heoftwmmdspalds signal. | Bogevereby esinigvmore twisted

sta redi.ctabilit t hods
LA B o) LS R R Pl IB ot e
ttiehefifect ab ndhichasre lem;ahdhytaurek NAWR fsultiNginPehtinab tthods used to

I\/bre ver .ng to_predict-signals and their
a5 PH‘gtthPF%Jé?tgbIB ETEds Q€ BAise Eapnedongst effpitiet i Wafeaadd to alien

@i‘d‘sgthﬂcu Eﬁe&c[ta@ﬂ%@]méﬁk&ls'a?@%?p%%?aﬂyq;xéf?é\ch§c ggcagFé)ﬁﬁt abls of other

due to high-speed signals pose Serious prob
Fﬂéeﬁ reatEplly ugmopmeorsingrasiciatle. (Mewgoyaroprigatte mecbntgsxgnals and

& g X aI ghﬁp@fec | & cent%Qﬁg% i 1&?1‘40%0& taﬂg dﬂh%ﬂ speed

un ccepta tenuate Ot herw se

6% dediQ‘y Jcna% %f gi?ﬁi% ro%Lﬂaﬁ\In d&{ 1 Sfﬁ %l-sa)eec? %?glle%ﬁ pose serious

onvent i onal di £10na
pootiernd ko g 1ntﬁtgney oblHeesiguads at alhdy pﬂm@a@tce alonf dbaseioad cables.

 SPRRhEI LG higRieRtateaighal s anhrlauionpos gud oterwis

Gegriedt bpalcieab be@idAdssstiieBedah@Monv&ihal G6RE!1 'ﬂﬂﬁ&nally focus
to reduce intra-cable crosstalk between tw sted

paiceatrollipg inparcable sisataliq aad Aire retislesignérhipeadaguatelp ghinbet the effects
bbare: b BEMbAURRALY nidSpRLd SBndikaRShALK,De! ween
na | es

adJ acent ca e, congxéntl 0 have

?&ﬁ?ﬂ ?Plo(g%va%at?c%ngp g%‘oé%safxal&es € ' ] I Ig@?%&%]?]%esg to \f\éeJuce intra-cable
emsaahml@wmri iwlaempmd | Hﬁ@e@érl ecﬁhv@ﬂ@é‘zﬁl dhthes Vel MRt rapplied those
tec requ%éc’ss to t%e %{ulan crosstalk between adjacent cables. For one, conventional cables
have been able to comply with specifications for slower traditional data signals without
having to be concerned with controlling alien crosstalk. Further, suppressing alien
crosstalk fs more difficult than controlling intra-cable cross-talk because, unlike intra-

cable crosstalk from known sources, alien crosstalk cannot be precisely measured or
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crosstalk is nore difficult than controlling
intra-cable cross-tal k because, unlike intra- cable

from known sources, alien crosstalk
“gx r/é"glhléel y neasured or -8 WO 2005/ 045854 P&ﬁﬂ&%#ouoy

PCT/U82004/034034 predicted. Alien crosstalk is
difficult: to neasure because it typically. cones from
unknomn sources at unpredictable intervals. [0028] As

sul t onventignal cabling techni ques have not

ctg%c C‘éggr\‘ FrPsytalls dy diffignle dotmensura| basauser stybahRly comes from

Mﬂkﬁ&yﬁgouré@@yu{,ﬁ@@b{ab@qﬂgw&{%phn| ques cannot be easily

used to contro I en crosstal k. For exarrpl e, digital

I j 0. can out or
T oS e Bol AR ORE Bt ekl Bt ipenn successfully used

mmmmﬂ alitrecrasssak. aMcﬁ:eEbvef myaﬂahxtlbﬁal tébhhiqueditdnnbChe easﬂy used to
S|gnal processi ng

t, known digita
t ec (ﬁ a&ﬁ’égmgséﬁgo% ohexampls, digifal danal PEICGssingias boen dhdisy cancel out
bhebﬁp%b&t for @ﬁ’eétﬁ‘@b'ullﬂ'at-yab%encrggﬁml? q%@% %ecause afien crosstalk is

control alien crosstalk
whtq Bazstrecerredicts knovot dlgftﬂ&gnai/pzioyesam@ t€hBituad €dniot be cost

CHRCNR AP TRPESLE 10, A0 B S5t e S e

prasstalkt i-on and | soI ation from i rpedance m snat ches,
attenuation, and crosstal k. For exanple, the

100291 t utle shbrt,Eonotrtlonal cabld cEhRRE effed Ve ﬁagdcgﬁ%{efy transmit high-

th der t ffect
PHE Chi o e St teady. gtH%FgT{V&Str“I@ngﬁ@gm;thr@W Jdeqaste levels
efplotectibs land oo Sradh 1&?@%\3&619* q}E‘S‘ﬁ%ES ?rléua glﬁrcar?de%o“talk For

agai nst noi se sources ou
stARlenthe dagitets of Hddorivieal and ﬁimmtuoermigneaﬁl @SEBS estimates that in

R typically I sol ations
R A T vt A R Ay
g]fovmoatwpﬁst 60l£1§3Jaf hsplmnwlgdm&aniﬁ soﬁhﬁs Gaki RSt tﬁg'c@fﬂg such as

Qg.étrg S _nore noise is_ specified
gabi t r ans Lo ¥gon i eset é‘f’ls@émqmgctquam typically

poniedsenting, well oRote Bt iRned dBWes n
t%_@ﬁsmt @grﬁ;gh speed canmmuni cgﬁ%ﬁgk%ﬂgna%@%n&aop%o Mz,
ARty &{%‘P? f he Fables| pdiateoaban] ning titnos gloronbier thay e specified
ffr ¢ab biia ed.,qver ol at | n at_ 100

Mz, tﬁg%e t?ﬁ%@ﬁﬁ&\éag@s%hé@@ lgﬁtortch “ng‘ge frat GRERwuently,

EPRtiansbtWiplde piir abbles cmmmwsmau@%bé@muﬁggms signals
a%éﬁgtgf? ]LB Cl(égqnunl ties. A shielded twi sted pair cable

er op Yc cable may achi eve adequate |evels of
ti for ee als, but these types of :
B80S %%@aeuagbﬂ PRiPEE Py oblst ey ied ven G B oghstatn at 100
Wiz theséngias of 8ffles have shortcomings that make their use undesirable in many

communications systems, such as LAN communities. A shielded twisted pair cable or a

fiber optic cable may achieve adequate levels of isolation for high-speed signals, but
these types of cables cost considerably more than unshielded twisted pairs. Unshielded
systems typically enjoy significant cost savings, which savings increase the desirability of
unshielded systems as a transmitting medium.  Moreover, conventional unshielded

twisted pair cables are already well-established in a substantial number of existing
(=]
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systens typically' enjoy significant cost savings,

whi ch savings increase the desirability of wunshielded
WOYRb§IBsAS a transmitting medium Mreover, . perysisn3403s

convent i onal unshielded tw sted pair cables are

al ready well -established in a substantial nunber of

existing -9 W 2005/045854 PCT/ US2004/ 034034

conmuni cations systens. It is desirable for unshiel ded

tw sted pair cables to conmunicate high-speed

conRce@drisO Bystﬁhg nallts iefdekicabdntfoy amstliehddutaiselly pair cables to

Specifically is desirable for_unshiel ded tw st

ed
sammuelaaqeégglrepese PEfEnisaliqTH ERAtt eligipiapd pecurately. Specifically,
?dﬁqcll@{rgblg Gor gﬂétﬂ&l@é@ i QreiNGaid BAREN td YcRbvd b&tforﬁﬁﬁ@éj parameters
ata signals during efficient transm ssion over the
cddzjuets. fcsumdmnﬁg thelEinteguBNT Ohgh60S] ditaesignds edwring efficient
i nventi.on rel ate to cabl es nade of tw sted conduct or
ﬁrgpsr%lSSlc’%Yeéﬂ% {%ical Iy, the present invention
relates to twi sted pair comuni cation cables for
hi gh- speed data conmmuni cati ons applications. A tw sted
pair including at SitAMMARYVOF THEINVENTIEON ends al ong
a generally longifudinal axis, with an rnsul ation
surroundi ng each of the conductors. The conductors
6631} Wi St GRORE 3 lehubP B0kt db NAbIY AIRNG HGted Whahuctor pairs.
cabl e includes at least two twsted pairs angi
ﬂ\'rlbxbepeciﬂ&aallbfe&astpmsmm infentibe relatioh tstwisted ppmsomnmne:dtlon cables for

et aate e mRRGon cefiaRan®” o bR bl a¢ st two

Q:f)ﬁdhﬁ:t(ﬁ@ eki¥n@ngloAg aWeatally Iqigipdigal ik with apeadidiah &urroundin g
%Eals by, .anbng __other, functions, limtjn

pkthe qudlgqﬁgcs,f ) l'}eownﬁbctors Iﬁ%&%ﬁ@ ggashally q%tudgally along the

mna& catlt LiRMHRL 'apféastem/g t@lste%rspa% Q58 ladtilleralAANghst B of the cables
predefi ned di stance. DESCRI PTI ON OF THE DRAW NGS

[00pE|tianed elong Sevdsddy Wéaﬂieé axsfs fpr eideast a peagelinedfiptrnqgovihe cables
BB I R RSRE by, am

smhmﬁum:upas, slmung veleastensubfet af (clwofoédwgrga uuppq:danbm deéviagions, signal
bl es sition i tudi-nall acent to-each

A Reifon e Rer gsaR aiond D BB s BE.0F ol of an

enbodi nent of a cable, with a cutaway section

exposed. [0035] Fig. 3 is a perspective view of a

tw sted pair. BREEF DESCRIPTION OF THE DRAWINGS
-[0032] Certain embodiments of present cables will now be described, by way of

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

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

longitudinally adjacent to each other.

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

section exposed.

[0035] Fig. 3 is a perspective view of a twisted pair.
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WO 2005/ 045854 PCT/ US2004/ 034034 [0036] Fig. 4A shows
an enl arged cross-sectional view of a cable according
(920@,/543553_@ enbodi ment of the invention. [003'7&“5%)2]%4/034034
shows an enl arged cross-sectional view of a cable
accordlng to a second enbodinment. [0038] Fig. 4C
shows an enl arged cross-sectional view of a cable
according to a third enbodinment. [0039] Fig. 4D shows
an enl arged cross-sectional view of a cable and a -
0036 Fig GROEKbWAY an Enlafded cpodaaditimal vielv 6 guable4bedrding to a first
conbi nation with a second filler. [0040] Fig. 5A shows
grbegimengelthe in€8tidbct i onal view of a filler accor d| ng
- to the first enbodinent of the invention. [0041]
50035 &g %SMS@Q@@IM@SSS@&W% yiew, peiodtle achMm& a6 2 second |
%ﬁ’ ' to the third enbodinent. [0042] Fig. 6A '
owWs acr'oss secti onal vi ew of adjacent cables

OB 8, R RO bz LR REdichlh G068 Wbl %o o thira

shihadingen€.r 0Ss- sectional view of the adjacent cables of
Fig. 6A at a different point of contact. [0044] Fig.
GO0 PIS 4D SliweSasQflirkedalosy beviond] vidwe ofidjcaslenhd aatlleg Siccording
of Fig. 6A separated by an air pocket. [0045] Fig. 6D
< amenab%:lf@@%% Etguresta i sameipgion Weh asespefitlercabl es of
6A separated by another ajr pocket. {_0046 Fig
7[08@] Figros shewcen emarged |CW@FCq°6ﬁng1FWo(?frﬁa ifler %a?réwqtp the first

ARGt oS sectional ool
BDEE ST o 8 BRERE SRR SRR il Rt BB the third

cenatsglisant i onal view of the. third enbodl ment of

tw sted adj acent cables configured to distance the
cab4Bsrigl GAghbay al @ogtsectionb vied phadjscent &dblé¥ouching at a point of
2005/ 045854 PCT/ US2 /034034 [ 004 9B i s

aFBtaqkin a&F‘HQ%“‘@é’E&l tgﬁ?h" stgm Whﬂymf ?1'[9[1’? vg’t]técal adj acent
C[%P)LB?]Sng)f 6@ s%ows a %ross sectional view of the adjacent cables of Fig. 6A at a

a

different point of contact.

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

by an air pocket.

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

by another air pocket.

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

first alternate embodiment.

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

the arrangement of Figure 4D.

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

cables configured to distance the cables’ long lay length twisted pairs.
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“a different position along their Iongftudinally
ext endi ng sections. [0050] Fig. 9C is another
wd RS0 §§(_‘ttl onal view of the tw sted adjacent ﬁ@‘t’
Fi gs. > 9B at a. different position along t U0 B34
Iongltudlnally extendi ng sections. [0051] Fig. 9D is
anot her cross-sectional view of the tw sted adj acent
cables of Figs. 9A- 9C at a different position al ong
their longitudinally extending sections. [0052] Fig.
m4%]hﬁxgrs9&is aother goss-sactoral yem bbmatwieteéwdjaﬁcla calalbs of Fig. 9A at
ac.cor di ng | nent .. [ 00 Fig. 11A
ERERE Rihg a%{hsvi%@l%@@eﬁ%ﬁﬁﬁn%wcﬁ ad] Scent

@ﬂg@ﬁoﬁﬁ& %@@% qg% sec? Q%aql r%@?&ﬁé{?ﬁ? taéig%;ent cables of Figs. 9A-

Of Q65 diFREdnt Eélﬁboﬂ/él&w @Eir Idiiadinal ¢ Bt tekdiis &%tl@ﬁs Fig.
11A with a helical tw st applied to each of the

A5 ACER t91§@§’£:ﬁ§herk9@§§&cuﬁh£ wé@ of IRWRistect ctenpéab?e of Figs. 9A-
varlatlon of twmst rate applied over a length of ﬁ
2G@bt ediffepant pesitierdalong their dongitwdiveldy extendingETAPHED
DESCRI PTI ON 1. | NTRODUCTI ON OF ELEMENTS AND '
[DES2NFIEI ONSh¢va0&i6 pnldiiged prosseettionavaenw ioba aableadcesrding to a further
%?E(%al to cables configured to accurately and

PRTERY | y propagate hi gh-speed data signals, such as

%;5 [Iffé a\%roa h|n and surpassin ata r es of

3 Bianr 14 SpBPP BLBTAERS efeordioaRi e iR SRt abIER atording to
bﬁtlﬁ@@éhﬁétﬁﬂx@ntdf@heﬁiﬁfrd;rﬁﬂoﬁm!y propagate the high-speed

data signals while nmaintaining the integrity of the

ﬂf@gﬂ] Ficg ri"ﬂ%%ho&s afrahl dcirglr’spse}fh&’ﬁl WP & tRedBlidehnNBables of Fig.
now to dr aw ngs, g shows a perspective view

biA awthaaoh\eéldal tHyish appheém@mhgém@r afjaopntaable®0, t hat
i ncl udes two cabl es 120 positioned generally al ong
HWEE] Fig 128kayys aehaltef givatiationef tyviddite eppliedtayenatamgth of the cable

I re configured to create points
-g??%%ﬁgggfuﬁg%eana&égﬁ?pockets 160 between the cables
120. As shown in -12 WD 2005/ 045854 PCT/ US2004/ 034034
Fig. 1, the cables 120 can be independently tw sted

about their own | on@ETAILED RRSSRIPTI@NCabl es 120 may

? y 2? RIROBHCTIOY O v %ﬁﬁ@ﬁgﬁﬂt Bo
81 t udtheareseBiigrention relaes enginsta] spcavkes cﬁﬁﬂﬁrﬁ‘i”l iyaccurately and
_@HRYé?lﬂy 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
to efficiently propagate the high-speed data signals while maintaining the integrity of the
. data signals.

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

create points of contact 140 and air pockets 160 between the cables 120. As shown in
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the twist rate can be neasured by the distance of a
conplete twist cycle, which is referred to as |ay

I =e4,0058] The cabl es 120 i nclude el evate [

vgfgﬁéﬂfﬁ%ﬁr outer edges, referred to as ridgggﬂﬁggﬁim“m”
The twi sting of the cables 120 causes the ridges 180

to helically rotate along the outer edge of each

cable 120, resulting in the formation of the air

pockets 160 and the points of contact 140 at

dii%fl‘? e EabIQACEI0 @mSberasgentbely anged dBbahtiy Wil BRGREhal axes.
cables 120. The ridges 180 hel p maxi m ze the distance

e ceklas AR maydiecrptatohat diprmilen gt tgtes. Karther, duetwigtaate of each

_ ' hgl t abl es 120
PPk 120 w068 S onk il el B 5 5abl0 0 A Rgigred avove

 ttheetwist ratd gars be mieasuired bydthe disifhCe bfed gpmpleteawise cidl€, which is referred
gi;%ﬁn?e bet ween the tw sted conductor pairs 240 (not .
P&y 1080 Fi g. 2) of the cables 120. At non-contact

ints along. the cables 120, the air pockets 160 are
ARG Doiisbles el inetith devatostpons RlsmE e s peigesdzzBOfered to s

t : "t : e
trg@e@ 40. p@ﬁgﬁilaaﬁg% tﬂ@!:é?)_lésrl(?g%%gs e %@Iegﬁfggmgﬁ%&w along

e twi sted conductor pairs 240 of the“ca .
Moosasr eBge phsdchicablad 20 hresudting iatkefornatigract the hirgogkets 160 and the

i ] he :sheathed.cabl es 120, th

S AL PO R0 uSBB S GRRET g et D 120
b eiiges 480 haléai _ﬁxayéiﬁﬁi;s ﬁiea#ikt?nde?étﬁéﬁdcmg:caﬁs R0t i SHeedically, the
C acC Ive and. | nducti v Lnterrerence 11elds are
w?g’s\ﬁqi’%ooofg%ﬁm%edr %@iﬁstlﬁg be{pgprespt he epbies 120dFem qiesting together.
l1ie nAbIRE AP IGicA bridy Q{‘ﬂle'frtrﬁﬁres,c\ﬁm}?ﬁdgész%o 1:[51? hnz&éﬁggg@ distance

of the fields increases with an incréase in P
detvese thratvested conrdiieios Plaish 340 s sk vomesee tHhe Dadfl the cdites 120. At
HoRi-Ah& c I prer e.fields b
[ ncrcg}é\sﬁ%n%&%fg{lén%c{gg ‘%{élte&gg(r)} g‘ jéa{:gé}%a%a degr 61%6‘?1 © 8?tween the
eRblnpl2). Like theviderasiél, thdiast mokes 16@ helpancreiseahe dfstase between

20 _hel d K | he cables 120
B B el A TERRRNELIALS, ATK ar e 1 nver sl y

rtignal to.distance, [0060] Al.though Fig. 1 shows
RO, b1 Y Hohidnel WD R tantey o Mty BOORRS Prino Faaidornpetween the
BHediesd @bleg al20ethelidRiferte bakiked tHar QbRs D0, BBLcial§ i EFfects of
a .single cable 120. In sone enbodi nents, two cables

£hgn sosstybss fediRet At BEBHE<RRIGveRRddndustive interference fields are
| bty of | . ef | .

T -
120. aFlee stranthAOF 2ii80 Sieldld 585 dasBCHtSE0 Okt 23¢1 @B 4he speed of the data

BOBiRRS Db SRS ier ol i S ns” Dk 08 imSEnce filas
" eybpdicAEng Sdisthdt®s Hebeh! MEstedi ShRACA20S &0t RalBle€the increased

 ength. In sone
distances between the cables 120 help reduce alien crosstalk between the cables 120

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

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

over at least a predefined distance. In-other embodiments, more than two cables 120 are
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enbodi nents, the adjacent cables 120 are indepéhdently
tw sted. In other enbodi nents, the cables 120 are

\Jd’\ig/&qs ,oget her. [0061] The cabl ed group 100, Saikb81 /034034
used 1n a wide variety of comuni cations

appl i cations. The cabl ed group 100 nmay be confi gured

for use in communications networks, such as a | ocal

area network (LAN) community. In some enbodi nents, the

cabl ed group 100 is configured for use as a hori zont al
rpesitiondd aterty @meralla ;iamﬂbbbng't@lamﬂ exesiavematriedsivhe lpredefmed distance.

onmuni t b ﬁhe‘ g thH f the.cables 12
ST RvotBRnt o SRR, Babt A dblenetn 1o some
fekﬂbbbﬁ{enﬁx ﬂ{eaddf&dn@@bw 126 areGald R dbny tiASR2 ] In Fuger eg')bod1mcnts _

shows a perspective view of an enbodi nrent of the cab
Mab%%tlgoaretwaﬁt%@me@@fcu on exposed. The cable 120 -
includes a filler 200 configured to separate a nunber
dP061he t'Wles talded grnpc 1€} Cgalbﬁ sused n (aawsdﬁ vedfiay r@ d:onunumcatlons

e [ "t he 2 " "
S5 3 P 6 0 SRR 0 ot
alﬁdvorks;\lls&ﬂfﬁh paddal adQAmetwidie (LAN)&jbnﬁlQﬂu@ﬁtIﬁ%ﬁm embodiments, the
axis, such_ a

EaPER B S5l e e s st i cale e baskbone cabl

n I
Jpﬁlﬁ Lﬁgiwiﬁlg thﬁig%lg% %‘?g E{S‘r\jﬁ\; Jél%'zgioﬁ Fg)g ?l%gcabﬁt@ d28 hiﬁ%ﬁlmng &8 individual

itWise peasdwill bafugther exoldinsd bejow.wi st ed about i ndi vi dual
| ongi tudi nal axes. The tw sted pairs 240 may be
di sti dgui skadleYiemi each other by being twi sted at

al |y _di [
16895 .04 3840 LAECIR LS8y il BEBEpl o, win
réugwag secttima d)c\poﬁdedl‘lmaczrblénﬂmmmdtm $illetl 200 b@nﬂgugdmt loyseparate a -
tl;t% . qe ar 240b4§aﬁs§ %hetvvlsted pair
aioer o Wl ErtPalr pemgeh (ireloteeuiiad: B EWi¢ pairs 240,”
24{3bpairs THOS, aridherhe \Masm@nmaufmeaésomw yaiﬂcliaamsaw%tédo air 240a and
have a short lay | engt and the twsted pair %

HEEdpaontgdy dpe |ffé¥%’g§@P oigndy awneﬁglbdalpnwé@ngltp@yal axis, such s the
|1%&ana1 $h€ot %é befhe thtdd %@@4@”3} [ dagedt %osstuﬁ‘émﬁﬂ' t[ae filler 200

m ni m ze the nunber of parall crossover
tandttheta/med@mﬂwo readily carry crosstal k noi se -14
WD 2005/ 045854 PCT/ US2004/ 034034 [ 0064] As shown in
[0Qe312, Tive twistsidepdins0 240 s des intdapenideritl yc ahd yheticdlBt twigted about

: that . rotates. as 4& S tw sted
aB%QfduélEi %‘%&?’W& IFES:( vglstefmglr g Iga)iéeo tgﬁglggec‘i From each other
th il t\&bﬁédtatt&mdaﬂ? giidsupiilaralvidxues,ale. V aitfefih® 182 RGths, over a
lay .L.engths. 1t _should be noted that
specific longitudinal distance. In Fig. 2, the twisted pair 240a is twisted more ti ghtly than
the twisted pair 240b (i.e., the twisted pair 240a has a shorter lay length than the twisted
pair 240b). Thus, the twisted pair 240a can be said to have a short lay length, and the
twisted pair 240b to have a long lay length. By having different lay lengths, the twisted
pair 240a and the twisted pair 240b minimize the number of parallel crossover points that

are known to readily carry crosstalk noise.
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the lay length of the cable 120 affects the individua
lay lengths of the twisted pairs 240. Wen the | ay

,9f, the. cable 120 is shortened (tight
“lr(gl%/’hu? e individual lay Ilengths of the twelé‘f{/ggﬁhmm“
pairs 240 are shortened, also. The cable 120 can be
configured to beneficially affect the lay |l engths of
the twisted pairs 240, which configurations will be
further explained in relation to the cable 120 | ay

|@ogdIh | iaAishewh 8Big. £,AREEID1E1ZD indludbsSte GEIQMYy kbiBting ridge 180 that
filler 200 hellcalfy tw sted about a Iongltudlnl

arfaies asThe daplel B30 Bowiseth 2beuttaongindipgl axis f eFlhcalje 120 can be
t%ét&? Lfor.{t%c {Oﬁél%#cﬁr?ql %}g v%rlgﬁse&%ﬁé ﬂg qenémstc’t]g@ﬁ&lld be noted that

Accordin 0O 1s con
fﬂrelayblleﬁothmﬂ thiel cgllbté }ZOfdemls tthe iridovidual \layslbmgﬂys aft the tw1sted pairs 240.-

d%per ey el of e 2abiE 70 i hireppd SR bty e ndividual Loy

gﬂ@ o BRAWHE pai§ 240 RAVEhotefdB lalso Mk @hblk 3¥0 |c§rﬁ‘ a& Bonﬁvured to
ormthe air pockets 160 bet ween adhgcent cab

1@ef1@9llmife@fm@1@aﬁmﬁhso¢ﬂ the tvistedappirs 24 ‘ﬁbllph@ﬁniégurgtr@s will be
fi el exz?iq ﬁdsin'ré/iaat"f“o%ﬁg t tcagleI 2% lLﬂlﬂgﬂ l%t%ﬁgngor e than

appr oxi g'1a ength of one

st a 40..4 N t for
o0ksf . ' SR iy B el S RlishBy nPPl BEnCh fangigpeinat s
| The &filat 200 dap bel @vxstéd\ at [cﬁ)ﬂﬁ@ﬂlt dh @afﬁaﬂlé emsﬂwesﬁﬂlﬂmgmepredeﬁned
j acket: 260 can incl mat.eri

| fiatses yACHHRYYr He i folrﬁagq 19 roaflgerg?} teﬁﬁ%lﬁr@ G rigid - flexible for

nﬁ&lst}rﬂgﬁtt &fteleR: ANY 1@fes b8 e F@WnBiGitaining the different twist rates. The
yf l"uor oal koxy, TFE/PerfIuoronethyl-vrnyl t her,

pﬁﬂgn Wieshohlddregistéd enonplotitey hare 2 smad eyxomgiyllay _éfmcéir iteléorm the air
( E?] %%:ts ?6&) et?egwé cgfa%egggc)agfe% ai%m B?Vgay féfu QJ&ArHIS’iE egnly, in some

ene propy | Gor'i na
pembd)dlmemst thy Iﬁﬁme”Qﬁldls Y\pismp)alt ey, leagthy)ﬁ eo gfore than approximately one-

ob R SE Rt e PR bt o PR 2 BE pBiig form e i

266ckiary] 60O ME fifler Z00ywilledednitdr didtaéscdBeiefhtion Bl ¥A.
standards including any of the nmaterials listed

apsu6 [ 0BG TneTheo aabine jdck8t BENcAAGnE108d ki uh@SrilGhat meets industry

sati sty |ndustry standards, such as safety,
ebtendariiv al Thenfillen; seBnemepfise B¥tapuaotdimifed &omay of the following:

B S L

cpb]yem:}r?(bhkmdebé’vebni i igar-Ede t Barsaitiewfdant (RNG! fporinated ethylene

LS RSl e PSR R S Ga B Bab s

t hﬁm‘é%@iaﬁia%t? ollyfrop}18R4) ndl kR4 - thdriopliE: RiARAMIsMESihSlarly, the jacket
the cable 120 is "riser rated. In sone enbodi nents,

t R60 gnal eompusei anyy mekarial dead magie Ny tstagdards, including any of the
materials listed above.

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

configured to satisfy industry safety standards for horizontal network cables 120. In
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generated by the configurations of the cable 120 are
further explained belowin reference to Fig. 4A C. :
sfair View [0068] Fig. 3 is a perspectiveydbh&Wsans
\i@ﬁogﬁgg%? the twisted pairs 240. As shown in Fig. 3,
t he cabl ed enbodi nent 240 i ncludes two conductors 300
individually insulated by insulators 320 (also
referred to as "insulation 320"). One conductor 300
and its surrounding insulator 320 are helically
fomeséretsbdimeett thecabie € 2O tsherninheatede dn dowe @mbedﬁmmtsd the cable 120 is
i.nsul at or 320 down_a.l on ud| ' t he
1 @lkde s I Homg; sRedme f“g) rlfé}ﬁeﬁ)él gyupsgﬁed u‘)[he iaévantages
dRrddd l%t gd cBﬁ‘ﬁ&uthf(Qrs of FheSABR BULRSFuFRRE Sxplhined Bé’lfoﬁrhﬁ geference
alr 24 shi el ded. [0069] The twi sted pair 240 can
tocFig v At ed at various lay lengths. In some
enbodi nents, the twi sted pair's 240 conductors 300 are
tw st €d ge’ﬂwﬁslédyaih‘éﬁg\ivt udinally down said axis at a
ific.lay. ) h o
f@ﬁgi h EF@%%&S ﬁségcftg\)e eJ/ Bj 819{'& ggt\ggfre 2 r% 3%6 As sﬁcywn in Fig
BOtHei @Bleﬁrem&dduﬁénttm llnolilgest twb naddudicss 300 endliﬂdhhﬂy insulated by

W st ed a i ch st nce be _a predefin
msglta%%:éﬁ (aiS@nEf?q"Fevc\{ggp %311163‘[11 n%%y )- oﬂpf,p a nggo and its

SRR hshilatb 2 00ke B&fdang @wﬁteﬁtt@cfk‘ﬂ%r idithedBB lofhel BBddRMr 300 and
ten nmeters to all ow enough | eng th for correct

prsu}gmgéﬁtzocdowofa bngtﬁeﬂt@l asisg g r%@qtbemmélcetes tthfedipmeter (d) and the
V. W st haul

ST BORA 3 e PSR 0P Py B PP nbocitignft B st pair 240 i

stiialddar ds governing the size of the tw sted pair 240.

Accordingly, the conductors 300 and insulators 320

§0059T onfTigu eveidteti opdia 20 gemd bp hy&s'teralat armioes day rlegghs. In some

characteristics t | e the I ndus -

SRR Ty RRedOn S BT S0CE tY R, By fongitudinally

A40nhaldpsis 4t RAGE Iayheth R).1 M ﬁfrﬁeeélﬁﬁ&ﬁmfeht@l ths 1i>hﬁhoth @L) of .
are generated in and about its active conductors

Mesciondphpriy24Q yaies oyest RArtipher dbeidhe igieivdos! qﬂlﬁaﬂqerftf Bhe twisted
lg)g.ﬁ Wapt %&Psﬁgmﬁgoﬂﬁ}dbgg Lpr@dé@lfnbig Hfs%llcé Q)f ﬁ’ér%ﬁpt By way of example

ance ween t he “conductors 300.
- Anbyo irdsanggd gmbddiments, ahtepxedefufedebimcoﬁs appeommam@octcorrscters to allow

R U TR —

LS, RS ) SRR OHE e SRS) indBD. i

dtAaRngk %6$erﬁfnottﬁ@ siza Rk the thafte€ PBIP QABN Sccofdiedly e IchEductors 300
conduct ors 300 and the insulators 320, shoul d conmpl y
\&eind finsulators 320 are configured to have good physical and electrical characteristics that

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

configured to proniote balance between the conductors 300.

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

" each of the insulators 320 are sized to promote balance between each single (one
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i ndustry standards. |In sone enbodi nents, the
di mensi ons, or size, of the cables 120 and their
s conply with industry dinensional s
“?Pﬂngﬁg% cabl es and connectors, such as RJ- P@ﬂgéﬁﬂﬁnun4
‘and plugs. In sone enbodi nents, t he i ndustry
di mensi onal standards incl ude standards for Category
5, Category 5e, and/or Category 6 cables and
connectors. In sonme enbodi ments, the size of the
canidcrot 860G ad0né snshbtose ehtheARstolingdit 24 The elirtargéons of the cable

\\'&) nd #26 072] E f th d 0
3 Armginenieuch 2 e Copdatiens SO0 g esBsdaprs Sash abRald pemaly with
RLSF fhndahRt 1HREMS etdbdlitdents, fHe AMHaHHshs, biNG1d!IdE E}& dabfes 120 and

not I'imted to copper conductors 300. The 1nsul ator
20 eraypanentp roseply uwith sndueluy |dxm¢nsmal cstatnﬂmdmfpt aRit45c sables and

ol r r etar dant | yeth
E‘%ﬁ%@?ﬁ f%énﬁ as”ﬁ? d&n?s poI Opy eﬁom? F—%%ﬁd? t@h ¢ industry
dizmesisioyalptandetds yhatnd: dtaddREds forpOhtygore By CargofyPH), and/or Category 6

rfluqral koxy (PFA), fluo i nat ed et hyl ene | ene
E:&@) an?lr?og)gﬁcf%s an fcglaenga 9 ﬁxfts qa% gﬁ%éf the cogducegrs 300 is between

#ﬁfx%ﬁéarpwlﬁr@icfe' dalwigs et owes, (ECTFE), and t he :
ke. D. Cross- sectlonal Vi ew of Cable [0073] Fig. 4A°

EdZUO%%accor SH &1 gife c&{c%&%rssge(t)'&nal W/l@éé’? é%lt Raocahl Eom npnse any

Ing to rst enbodi men e I nventl
pendsihibvenmiaterigl that 4uketst lhnéuqhacstmdamolmhrdmgjhutsnctthamted to copper

staiElops Pt citi anfaktl S GplButnd VR i Tuprmed ¥ gpoppopiastes.

flosropalyher 12Qteriblye flainst edlardaitr Fpo%ﬂ@,len%4QFRPE)10<ﬂmne retardant
240d can be distinguished by having dissinlar

Pelygtopyleney, (HREB)n chighy densty pavle/%thzl&@% (B2Bk), mbreropylene (PP),
%é@ﬂofmbxp Jpe Ay ﬁ§6ﬁﬂa|téar ethf¥nd RYIREe FRBY i B B Bimed form, - |

wsted in the same direction In "order to mnimze
neicirrpeiueroetiviane (EQITFE) ahd thedikgai rs 240

havin a right-hand -twist or a left-hand twist. The
| ay | &hgt hETess-sepdonaliVdeeaf Gables 240b 240d are

RO@HET bty 4.8k &hn erﬁ%%ed B%sd- &X gfe'&f‘of)tfhe S 120 accordir;g to

tw sted pdirs 240a, 24 are pre erably simlar.
ufirst &mbnddnm f $he inventiomy Ase&hgwmn Fig.tdfe thenjasket @6 @iursunds the

2 0 495 bl D50 B LEOR Rl s s

M09t & forRAitKes c2¥10a120. 24Ge ﬁﬁﬂe@%afr@fﬂol‘éeQw@ 240ct fzaoa can be
shorter lay length tw sted pairs_240a, 240 and t

tdaﬁﬂgg‘@éhed&a heyinghssimuerdey lehgihh eWihie dhe tistebpais 249@ 2400, 240c,
I t p 7

A0S RIS P B0, 18 T s feion
arder showwimézel imptdanst yigoaces eitber dlntwisted paikd 240120ing @ right-hand
Ipw1st or a ?eftall-lameir}wmt The lay lengths of the twisted pairs 240b, 240d are preferably
similar, and the lay lengths of the twisted pairs 240a, 240c are preferably similar. In

some embodiments, the lay lengths of the twisted pairs 240a, 240c are less than the lay
lengths of the twisted pairs 240b, 240d. In such embodiments, the twisted pairs 240a,
240c can be referred to as the shorter lay length twisted pairs 240a, 240c, and the twisted
pairs 240b, 240d can be referred to as the longer lay 1éngth twisted pairs 240b, 240d. The

-17-



crosstal k. The selective positioning of the twsted

pairs 240 wll be further discussed below [0074] The
filler 200 can be positioned along the tw ste LS, i
“ﬁzgky&ﬁéﬁfiller 200 may formregions, such agcﬂﬂéﬂﬁumumu
qguadrant regions, each region being configured to

sel ectively receive and house.a particular tw sted

pair 240. The regions form |l ongitudi nal grooves along

the length of the filler 200, which grooves can house

¢ , T " i B o _
b P e ho i Jele L POl i e oy, 120gp minimize aien
ferasptalk. diThe aeleediveqmpitioning ofxthe twisteddpadts| 3#0owilnbe durtheo mtiscussed
t?gmpore 410. In sone preferred enbodi mnents, the core

f of the filler 200 is positioned at a point ‘

Xi npt el.y - tral to.the tw sted .pairs, 2 he .. =
PR TR A e R R 230 THE st 200
evdyefoeth REgib@d isadH 3 quabianeredidnk itk P%i&@ﬁ&né‘é&lfigﬁ%htg selectively

twisted. pairs 240 can be positioned adjacent to the
Iresgive addionprir gartichlar fwisted paiti2#0d ekhe 18gigns farmslongitudinal grooves

g%&%%é %owgie%%%ot Gfﬁich %&ms A ?gﬁ%} tk-ng gwg?eélf%aitirér%lo. As

east {enerally equal to dpproXina
chowhén Fig. dtdethepfiller 2D00can dmdled:t & vedeyd 10amidtd muagiskr of filler dividers

Lacent. to the | eqg 415. 075] The | egs 415 and the.
2@? 3} gifend ratdfleyf‘f“l%"%‘ﬁ%{)g‘ééﬁl%ﬂ%r dp &P gratgrregberpbodiments, the
lRafeed 1006f thie illide @D0GE pbéiBorded! At@¥&90apﬂfbﬂma% Eént@Dto the twisted
en| arged cross-sectional view of the filler 200

Fatrd 260 n gl fillge 209 fusthes ipglyfssen mumbsr of JegssAlS extending radially
& : et .
tdﬁke\@& froB0tHe %}%ﬂ%ﬁ _ ﬁegg@sgedzlg%{s'zgg 359 Be pbaa&ne%%ﬁgl»é&%s the legs

egs 415, the divi the“core of
410 land/o2(0 fillendivadees 409ntin dimre pefsrretireentivd frenp the lomptb @ each leg

inel.u n ari of e fill.er, 200 that doe ot . )

S35 o8 3 SosB BP0y e RS perorsfaiehl Y, PRty 53PS g i 240
whliettévelynpositiingd ediageat toxh@kg 4a5e sel ectively housed by

the regions forned by the filler 200. Accordingly,. the

t[(rl]ﬁ'tsl.] ed Pl Isegs 449 ané kreudode BEO pﬂﬁiets%léﬁﬂ@fd)oaﬁh Ebf@_ﬁlﬁfen%@ to as a base
the. |eg t ase portion of the filler

2ggion %’d’% é‘]‘e gii?fé’gﬁi %g%‘ Eé_dk ap gnlpregd copas-seaenaliviquepf the diller 200
GRPLrHAE 18R RrstuHIRREmSH:. frh FleL5A, BXIARS KoM ARR2, glé%g&mon 500

(collectively "the filler extensions 420") exten
rthati crpyisesotle iegsot § 5 thti divislersi00ciand ¢he eare of tlomfillére200. In some

' ' 0 i f.ically extending from, the
ARG, R 626 porBB S0P el bRl phn VMR 300 R et cxtend
thegorldeje Aiimendyofahd evisted paieh 240, yhild vl st8dV@Xird 240Mrk Relectively

ase portion 500 at |east a_predefined extent. - As

B4 DY freregions Aogpefl BY dhe Bller 20k |Ascgidingly. thpdwisted pairs 240

Rh&de bt pedt ‘ s f4 i |
Rhade f84 28%2@%?? acliYo ?’8%%8 s befe theY p&aG 500t ¥ kitter 200.

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

in Fig. 4A and Fig. 5A, the length of the predeﬁned exteﬁt may be -different for each
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extensi on 420a, 420b. The predefined extent of the
extension 420a is a length El, while the predefined

ot of the extension 420b is a length E2. In
v@ﬁ%@ﬂ@ﬁ%ﬁ&s the predefined extent of the exf%ﬂgﬁ%ﬁ“m““”
420 is at Ieast approxi mately one-quarter the.
di anmeter of one of the twi sted pairs 240 housed by
the filler 200. By having a predefined extent of at
| east approximately this distance, the filler

exteRRRINC04 242081 fragpiedefifed édtbfilof 2extdriRh 2B ; fleﬂg{ﬂ%l while

to decrease alien crosstal k between adj acent cab
1o pEsdefiasd entontiny thehexterpien 42reisrelengibrE2 hin scespembodiments, the

L A1l P A B30 e AL e i
mfsmb iof rheammmﬂs edo ﬂdiﬁcdfoy the glidridobe By&ﬁ@mg_ﬁrﬁedeﬁned extent of

O L 0 BURRIB I s A8 BB PSS TR POSHBFi ey Btes 200, thereby
mﬁnﬁ§ft§ rRBeBseP Aidht crihdePall SodrRES] ??' &%6‘%{ t@%j ﬁ‘%%}.rmzmg the

romthe core 410 of the fi
adrmarmefbetcwq@n dlieespedti eenipostedrpaitss240 dfluhm adiHcentenbles pRO.Nt
425 is |l ocated at approximately the m dpoint of each
|[8477415. Fign 4At5|hem a\mﬁentmpc pome 42Friwdiedmnt position vbeathrg 415 of

p 25 at_a |I| i s di stanced
ftﬁé r?ﬁﬁlt‘%ﬁ 28((): o?lle €45 rwe fPIgBF nJét 1@@1‘1 ge]remﬁaaslupno it distance between
| aeljzgetitl positivmed icaties £20. oTh®Rerefice fifint 418US €sta e‘ﬂ" a?taeéirtam length
palrs 242}){#@0I4é The f|IIer 200 may be shaped t

A fRm ob the filler 200 iIndiig a!scbofhhreprefemesitembodlments
RA¢ Feferdfidd poit 428 XABB & atlal E rdithheSly 1 ] lgé)zl%o%?[ﬁtt o?&lc#qeo 415. In other

curved shapes and edges t gen
Stage sometembotimentscigclpdé the 12fﬁbencA@onIt dBﬁ gﬂ y poditién that is distanced

;‘f%rﬁ ttﬁéj Iz{l%(}%ﬂgqp%&xm?ﬁepl oné Racl)lﬁ ;ﬁxSt ntHg%{ é%ggrﬂqe?_%rggf oene of the .
Musezdmmedlbmsmne filler 200 may i ncl ude concave
curves configured to house the twisted pairs 240. By

tIOQF8]l y WbeiSilleg2Athmay \be$hqﬁdp|ﬁl dosfi 20 thd Re@iohk ltd SHttirddP house the
s, to erPaII fix gﬁi] sted pairs 7240 in

35 Bt e st e et M0 iaranbonn i shapes and edges tha

MBeférail? 0 & thi RRGSJPER tdﬁétéca}?mfé@oa@&c&%ii}@gl Eﬁvﬁﬁv;ﬁed pairs 240 are

unbal ance over the Iezfath of the cable
[58keto; meshnuglynesaingt thedtles 260 wgde'dﬂm Hewegip0078)r Staenple, Fig. 4A

ShvaEtod iR 500 2 b Sitige SRR bE%%S Ve Bacbinetbe e tvised

ext ensi on
200s ZFFGr Ee'xteg‘nﬂlyél,ousmv Hiegwistéd paaciiopthetfilRr R0 helps to generally fix

0 ext ends beyond an outer edge of the
314 S Brig 200 S eI tReoh o B nGBerihsraby minimizing
ﬂﬂlpéémﬁé@ew%’thﬁ rhnh%ﬁﬁcmde%dbﬁfaﬁéer @\Q:rtt}% RiigthR the cable 120, which
predefi ned extent. In other words, §ten3|ons i%

é’ﬁﬂ%fﬁd”lﬂvhmf“ﬂh%lﬂsﬂﬁée@aﬁewportl on 500 The filler

ext ension 420a extends -19 '
[0079] The filler 200 can be offset. Specifically, the filler extension 420 may be

configured to offset the filler 200. For example, in Fig. 4A, each of the filler extensions
-420 extends beyond an outer edge of the cross-sectional area of at least one of the twisted
pairs 240, which length is referred to as the predefined extent. In other words, the

extensions 420 extend away from the base portion 500. The filler extension 420a extends

-19-



WO 2005/ 045854 'PCT/ US2004/ 034034 beyond the
cross-sectional area of the twi sted pair 240b and the

“]E%\%Oag/ggsﬁal r 240d by the distance (El). In }ﬂﬁh?z[owéouoy

the filler extension 420b extends beyo
-cross- sectional area of the tw sted pair 240a and
the twi sted pair 240c by the distance (E2).
Accordingly, the filler extensions 420 nay be
different lengths, e.g., the extension length (El) is

Yepatiahe tivanisdotionabateansfitientwiasd phir Q&) andthe dwistMdir 240d by the
the fi ldif)a g});ten& on 420a has a cross-sectional "area

ffstance pintilap hashigs, Eeoddersextansion o120k exiengss helﬂend the ‘cross-
fsédtlbﬁﬂ £&d gflﬁieot‘%uégcpsmr 9&@@2\?{ th-Eht%uﬁ%?ﬁE bl lbsrtge stance (E2).

pS mnimze allen crosst
érCQ@dtD@Il)k thfeﬁllﬁ;@ﬁteasipm:‘é?& meyb¢ diffetdd lemgrhsbecf thie dx@dnsion length

| t ti n east a
Bl in e St Aetaty o on oa ol ¥ ofles syimeiopriaoa s o
sposyvedctionallakes thpasiatdep tird thd b seCidRN GBS th%%ﬁlef» Qﬂeﬁs‘i’on 420b.
be different to offset the filler 200. The fill

$0080] d EheObifSct il O2M@N heRs lnPmi-er mehh@roégb{lkp 0 %}; g«ztﬂamon alien

160 between heli cal I% twi Sted adjacent ca

Froestalk beprraueadiaceniocadles 128 dge be diglereninimized byheffsptting the filler

nfive m.di st ance .
Q@(b BY @i Eaégjta a#(l:lgﬁ]t?ﬁ%a If&%:%?dni%ly atFy Xiengion, eBg%xa of syrugetdically
pen@@mddﬂler hnenaﬂ@mdéﬁtshmab besliffc2éht to affeesd Whd £i10¢1, 200N The filler 200

0, of acent cables 120 can . )
PR s 15T el oohelf oS . A4, s kris oD battPeR Befically twisted
a@acfesn 243, 1204 00e afr 5@61&:&0%(1 MBuldiRhkes eddnlte m&@%aimain at least
from_ outsi de adj acent noi se sources, such

&r ég%fagﬁ FRRIRUES, dlSE%lB? ibRigceRrsecers rrables 1BArpvar et 1dast a predefined
AR Althd AYad-BNAbRS tlﬂ) SSAdRRL tﬁle e i rurdl6h0 oFf%él{aﬁent cables 120 -

exanpl e, in sone enbodi nents, ext éension |
(&2 fumcg%m) dissanas the L@ngwdayulwgh thistedepelsIBi0bN 24@Nof bne of the

sonme_ enbodi
é%t@esnls@éf i Q&a)ﬁﬁﬁ)f&@gf\é g %XI TIPS oHC nFnaéh‘%%SC proximity
(Jﬂblﬂlﬁembl)d,lmﬁmi thae aex tien shorter |18y @édytH RjstddSpairs 240a, 240c. For

Sub |
PRERE i arioe Kbt TS FreuaDlsneth S dombaiiely two times the
PXi8gsesh ki E)t By Way gﬁﬁimﬁp‘i& %HEJ % 560 %H;bgdﬁ?@ﬁgsnblge extension

t he di stance et ween ay length pairs

kengty Grla innppretimsiele084; lwi@m(?ﬂb@ un); eud desextpdiBillength (E2) is
N d fill
cHiro Rl DS sAnSY (TS b, SyPROREAP 6 opegr Bl demsityppirs 2400,

240d eoulQGﬂ: plaba ilc:ttl ﬁer theXibagest-exenddd) 400a tbensakiR theUistance
m ni mum ext ensi on

P ey e R 2 el s s
ond a cross-sectional- area of t he
fdkgﬂ Ifﬂilof‘ 5?2 deemsticelly Resiponedrffer wstensipns ‘ti?@dicectfshfferent
i’eﬁothg’% Ve tfﬁcﬂlﬁP 860, tRARIERS; i%ggoﬁsh@‘b Rl O8le {2%' pﬁgfg{ably extend

twsted, which air pockets Iprran
_htelegst & minippimoekiensien déngtinuin pacticalye, thesfildercextisioneeno should

E)ngnd beyond a cross-sectional area of the twisted pairs 240 enough to help form the air

pockets 160 between adjacent cables 120 that are helically twisted, which air pockets 160

can help maintain at least an approximate minimum average distance between the
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-20 WD 2005/ 045854 PCT/ US2004/ 034034 adj acent cabl es

120 over at |east the predefined | ength. For exanpl e,

' r.referred enbodi nents, at | east one VA
“ﬁlfuﬁgg&%ﬁtensi ons 420 extends beyond the out e?égg%@"‘é‘%“”“

a cross-sectional area of at |east one of the tw sted

pairs 240 by at |east one-quarter of the dianeter (d)

of the sane twi sted pair 240, while the twi sted pair

240 i s housed adjacent to the filler 200." In other
prdgdcent @bilee 130 diveeattisgst the medeliped kemgthl 6Born sxatrpileysl some preferred
havi ng _a i mum ext.ent. of at .|l ea 0.1 tinmes the

i hafote A ooff el e THR srneipts 40 Emids bPons the pper edge of

edrb@cdesticial 4188 of %t RAKI0AB of BRAWkted Flirs 2408y ANHast BRe-quarter of the
offset-filler 200 on alien crosstalk w Il be furthgr

dfiamgies ey opdie same [t\@bsﬂ]pafrﬂéocwlabsmg é\FiSte@rmir 24p ésafrl]msed adjacent to
| 1 ' t .
o ik 260, H0bufid bl eBEGAMENE, BT AR L RELY 1 Bpmeg having &

emtansinoexteti? Of af leadh @.1ctirthésathd Aldnmesst of heliandtar gfathe of t@ cables 120.
radi used radially .outward d the jacket 260, to_
h@ﬁ‘cpé%%ﬁe‘?fgﬁi’ gxtension leatns LD andithe 0_%256 fller 289 onjajan crosstalk
Wivilhbd RERG@lischisse@BElodNOt her . As shown in Fig. 4A, the -
filler extensions 420a, 420b can be expanded to :
CROBL] SETHE Edodd-Sdtkiofidl A otk FiBEPB00PLRAR: enlarged to help improve the
Specifically, by enl azsgl gi%@t he cross-sect |,on§ ar eas
operfagmarce|of ghe > 2Q0n Speaidicslly. alie fllerefxtansion 420 of the cable 120 can

RAEE 1) Bl ARG A EIEL NG00 e sencal

pibe froistdgira 2401y podiddrawith respeathiop loe rabthtAl Ak BHovwh @NBlg. 4A, the
iptegrity. Thes enefits wil]l be further discussed.
bﬁfl?f ."_tef%e%%‘}ﬂ)ﬁu?% (AR CEIFEPHITER O EepgREsefiifpFeat fippy-tsetional areas.
eSpR Ty Shyd eMakdil BR 6k QMtibrhl SHOROSL thel fifled 860K &he undesirable
260 while allowng the jacket: 260 to tightly fit over
t fHéECts qf|impedaree RO apirapacitiee enhelagee pte wiumired.chereby making
eggeabfN26 Mablel drok ELia NS 1ABS o AR eonal inteer
t he perfo?zﬁn)aange g)f t he cabl & 1%9%@?%?%#%{% SHgnal integity.
- | ‘hrsd ereditsw ket fotiber dagedssedpelowt i ve  unbal ance. -
S&eoci fically, by fitting snugly against the jacket
- 200983} he Fhithdrethe exter edgesrs th2llerexthnsions HE0 @am betuvtd to support

air .in t cabl e, 120 and ger ly fix_.the co nents .

ot 20 AR SiptRe RRRARERCC taettly Boven v Bt smismgions 420.

oThd kervitotesbEthdPdutes edddd Wi tHe AiB&GPEREndihsONE) haPetHSmprove the
-In sonme preferred enbodi nents, the jacket 260 is '

c angeof thet ¢able d¢@ by manimyzing dmpedance eismahes and capacitive

Uil ek, Pt i) sl BRSSS A LBUIRS oxens
o BB, POkt R oy Hin DBl dealih gg%%f B S xtensions 420
eredacesthe asodi Coffapr im théreabld d2(kandl Sherdliynx tHeecomipofénts of the cable
efjg)einogos%tli]o%; ?r?c%(%ng the positions of the twisted pairs 240 with respect to one

another. In some preferred embodiments, the jacket 260 is compression fitted over the
filler 200 and the twisted pairs 240. The benefit of these attributes will be further

discussed below.

[0084]  The filler extensions 420 form the ridges 180 along the 6uter edge of the cable
120. The ridges 180 are elevated at different heights according to the lengths of the filler
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120. The ridges 180 are elevated at different heights
according to the lengths of the filler -21 WO
wiPR 54 PCT/ US2004/ 034034 ext ensi ons 420.

in 5?8éé§A -the ridge 180a is nore el evated fﬁ§n§?&W%“B4
ridge 180b. This helps to offset the cables .120 in

order to reduce alien crosstal k between adjacent

cabl es 120, which characteristic will be further

di scussed bel ow. [0085] A neasure of the greatest

ekenaomy 421 As Qhomen @@gol4ex 1RO ridge aBe@@ﬂ@Melbﬁt&l ¢han the ridge

@i For tHe cabl e own | n Fig, t he di aneter

5 ilhig Relpyy |t%f3§h‘i¥eth°bé€ 129 i oRder d@ éeci%’eéﬂlﬁﬁ ¢rosstalk between

raklﬁ&%t 3:&9& 1zﬁswm%ntch9a&@n§1#a%ﬁ betfbﬁh&%i?écssséégelseﬁ be a

partlcu ar size or dianmeter such that 1t conplies

({)I 1 Cer%%é}sﬁt gi"ﬁ&: ea%és? s ﬁDpF)O& tﬁé@a{gﬁé EZaO 1Is|21?so shgwn in Fig.

e 12 ze t at co 1 es W
@at erorthe Eahle aﬁ@ibhnwm ¥igot4, the dimshers(Digds thahhﬂSnceEb,étween the

B T T ey R Tk TR P
e 32 diileter] 408 Eat B}boﬁ?ﬂé’é WitAGeMhih in@sir§ ltaldards. For example, the

di mensi onal standards for unshiel ded tw sted pair
cane 430 mqyebeceaﬁlzfeﬂmem@@lws &adl Cotepery s Edtagoryr plandler Category 6

- I t

SHUSHLISERS, 85w S0 SUATH Gy P o BRLSA R SR et o) o
¢Iabdab1e| 120as ne tneoy thaw .25 drebmu . mhnr)n devi ces, thereby

hel ping to increase the avail abl e data propagation

SﬂﬁMS By toweplyinghettdenstnglimensiériae standdids forbhhielddl twisted pair
connect or

R0 et e IR caR Sniyr i el TeRBP YRRl For crample, th

IcHRE Q26 chfl §eadA9 TBELUbGALESTS: 5 REELSY RELNBRMACULRE
.SX| sting ne%%?ks [0087] Alt hou%ﬁyFl g. Aes hows ﬁl letwork of

rrPrinical e ARisAstharsby haping fo Biiras e aylableriats m@p@mon speeds
$fweRH $hd HQQ@JSS F‘lﬂﬂxe‘? i n‘% Gk thb%Fl iy refcléhp g&nnectablgz%ith existing

ext ensi ons 42 er of | 'er “ext’ensi ons
wayneb@ruéewdcqso amh csdaa_mes t hd'hds,s thenceblebd20eeam deelp esprove the

e S %913%?3‘%%&5{% "ar | ongt hs.
ded : _
b i@ﬁ%}o@?‘e b0 SV 1L EX B Gt e ganbodiments can

heduzesaridue efdbest zﬁ1d0<fonf1 @ﬁfn@sr SMERer¥x e ARDNIALP @umber of
di.st ance bet ween the les 120. I n sone enbodi nents

HieT extensigns 40 may b@f”ﬁ%de‘lo ipgegsy e distances bpievean galamm)gaosmoned
0
?)fromtngﬁ t6 ?’ﬁé %g t?xgr $ I.Eu]h}g rfﬁl%ggft?ﬂen h eof cﬂ‘ff’érg%xtdc#aglﬂar lengths

ot at ed. set fi i SO
pam tbecudedr Thb Id@tﬂc&mowidefdsbad/epmithes aﬂﬂ@en‘t roablet HR0 by the filler

I 2
eggglglsr tg%]s qggu%ﬁ g%n&%e%&eo? mterer%rrl]c%t @yefncr%gs?noe thsé d1 stgnce between the
cables 120. In some embodiments, the filler 200 is offset to facilitate the distancing of

‘the cables 120 as the cables 120 are individually rotated. The offset filler 200 then helps
isolate a particular cable’s 120 twisted pairs 240 from the alien crosstalk generated by

another cable’s 120 twisted pairs 240.
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-22 WD 2005/ 045854 PCT/ US2004/ 034034 [0088] To
illustrate exanpl es of other enbodi nents of the cable

witRos/bisgs. 4B-4C show various different embog| .
of “the cabl e 120. Fig. 4B shows an enl ar ged cﬁ%@ggﬁﬁ”m“““

sectional view of a cable 120" according to a second
enbodi nent... The cable 120' shown in Fig. 4B
includes a filler 200" that includes three |egs 415
and three filler extensions 420 extending away from

[0088] egsTAifusaie chenipies of dehet eabddingmts oMtk AbRABTFigs. 4B-4C
the tw sted pairs 240. Each of the Ie%s 415 incl udes

shaw veieus difdaepgmiodiments ghibecable d20. Fig4Bodhews anenlagged cross-
S i ; ) . an. to '
RPN Ghys! o1 WS 1900 GLBRAKE A0 bl ERbAMARNL , dTh Babte 120
BIIEIBA:/II firo ] @Mcésde:tzoﬁllen Z0)] mbatahmhides thrp® 0343] 415 and three filler
B o R S RSt el e
Wl Ghstdphif J4O0 " EdcAF Wit g4 5 ldchided B3 reMrdnide Hoftd APST The filler

of l'egs 415 and one filler extension 420 extendi ng _
30Riycanr Bractone imfany (96 the géays 1&iseuazed #wyerid meladion to the filler 200,

ISRk A Al LR PRI B A e
I : ; j , I 415 sh N Ei g, "
oy S5y RS TR ot BB 5 PR, P 10

‘atcopdifignes ittdard émbatiyieretf whivh cablysl20h siclidae a filiet R60” R a number

c functiqn. 090] Fi.g. sho an enl ar ged

o 2%‘@%@? maffal?r gtieBiih 20 PrPTURS 2HGY (Bt BREPh et loes 415 and

bBforidthe ¢rRERedioiBNrea 66 aSRAW bk bf thd twisd Falts 2lb! 1Bl 1egs 415

200" can include a base portion 500" having a nunber

driclydsgthe sefgreneropain® 48+ dmothsn embodimentsniiedegsatidyshowarin Fig. 4C
. o i | . : e v

PRD by SnEr ARl D, S G o0T REF RSP ESLRRL ity gbfPrers that e

[Eillgr 2BB-aafovegiohour tw sted pairs 240 positioned

adj acent to the base portion 500". The extension 420

¢0098hds EigaiB thaws dnhemldygsicrposrdetionab0@W dfythafillére2® according to

roxi mately the predefine ent.. Jthe . ,
- SR RoCinlertn A3 PeRG b 18 S b Rlien Ab 35 4ncinga pee portion
f500T hhe8Sa ndhbenbfl lgd HE5 ik Gt @flteRSbA 920 4RieA@hAGRAY fioth the base

the | egs 415. Each of the |egs 415 of the base _
POFino05 @nd. pR) paelcallye 2vaY doahere plothatlegsoHS ¢fghe bpse portion
n Tl R0 £ o : "
0T o 5SS SRE el R SR Re@ paent e b porion S00".
&haepleasiokiZ) exténdshapay foom din basegeaitiar THE byt tdastrepproximately the

PR e SoPORG SRV Eih P e DI 200 RElhles four legs
dib hateme nhistel air? ORY adjRRst to 1O Rds Al SNBadher 68 IMo8 418Qf the base

The filler 200"" can be
portion 500" includes the reference point 425.

- [0091] The filler 200 can be configured in other ways for distancing adjacently
positioned. cables 120. For'example, Fig. 4D shows an enlarged cross-sectional view of
 the cable 120 and the filler 200 -according to the embodiment of Fig: 4A in combination
with. a different filler 200"" positioned along the cable 120. The filler 200"" can be

* helically twisted about along the cable 120, or any component of the cable 120. By being
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“helically tw sted about al ong the cable 120, or any
- conponent of the cable 120. By being -23 WO '

4854 PCT/ US2004/ 034034 positioned al on 1040,
“ég%?‘éé&i , the filler 200"" can be positi oneg‘)él{)nﬁsmw034034
bet ween adj acently placed cables 120 and maintain a
di stance between them As the filler 200"" helically
tw sts about the cable 120, it prevents adjacent
cabl es 120 fromnesting together. The filler 200"
rmypitioeedaleng theneatileal 20 thediljer ﬁﬁﬁ?’dclta:rrdnt pzogftldnh@ i B@tk&@en adjacently

ment the filler

e8RS 120 o DA Sbtatethtveenoigs | 08 dhe fpe200" helically

Covtd Bbbu@ theOdubRf 13018t E@bétﬁsg aégg&nt saibs 85 HBR nestmv together. The
“enbodi nents shown in 4D, are able t

dHlieg A00e] ynayabs tparitiondde along g Qlyqunm@mteOh |ﬂg3hcstpi&e1do In some
%E“ JEnHAE ki B 20 B SRR R Bl WS E R TR0 e (o

nbe res i nc [ but [imted t Lo
A0SR LoD By g ga@gu&&%ﬁﬁeﬁmﬂy v in i
tcm-nbcme%E th heeqijasdlﬁﬂmt@@tmaﬁgﬁaeofttm BicBkpB&H data &8Rhls being
of adj | es 120, thereby réducing the effect$s

en
dFO%ﬁaP'éﬁ OE?TJE%? g8 128 dbp gables k20an Fapable g seenpastormance due to a
Crﬁlﬂf’deg \rebafules! NEEIEARE Buiendl! ﬁﬁ]ﬂ@& 8o b@l@"ﬁﬁl‘aw&l&e First, the cable

rad |at|ng sources th af are nost prone to
qugggqraqlqms hkelpyto inckease ded;stancazybdt‘emgt thet umsecb @alpﬁaMGs of adjacent

3498120 M e fand 1 PR 528 o Rl DS SRS 10 cante

tcomﬁgmeld paincea@ie &sjzaﬂcmbemebﬁ] the fagiatan sbstengyt 2t xﬁd%'?prone to
erties,of the materials surroundin

electr $ g_l dg
R e T8 BRGonSEE P IFREN: HOSEA B 340, QU BEE th cables 120
e bedr@idutcd tHhBiptediet tRE cMALJL b@lﬂlﬁxrﬂcrbet»bégﬁetq@%ﬁted gaus 240

Qver its length by maintaining the physical attribute
JYY 1REeVingihg consistency al dhredielscirie peaperiied of theamatatitle surdunding the

| t5idedll 8B40 h‘%ruﬁm’thg eaic 'lgtg el W @n3hd %%‘ Hihd gxﬂ%e the variations in

Fifth,”  the cables can conf guFe to're
rimpbéance foven its alnngh lef npantgining] thet physicabl ap:ﬁbtl&s MOthe cable 120

I it udi,nal ' nt capl.es 1
TR R e R bt oIR8 % 130 Thesy i, sgnal atenuaion
rfhfm ethe Q:aallei; @20 ¢a0 8 dhkgurdd @6 gedub@itht’ 88mBEdof instances of parallel
(er %gs %f fthe cables 120 will now be di scussed in
ftm%f PaBR ) alope longiudinallynvadipent otablss | Do81us Timenimizing  the
CRbhBShcdPEk ﬁﬁﬁoﬁ@ﬂﬁpﬁfe';ﬂwﬁg axlgrh@i]oﬁﬁt thE&eﬁeatuBes and advantages

degradati on of propagating speed signals
redkhegaplen ¢2@ wal now badiseussest indartharidetailwi st ed pairs 240
of adjacent cables 120. Specifically, the distancing
of theE. cabllhstan@(Mamimzmlt he effects of alien

c[pg%zt al tléei A@gggl% SAn d & ’?g‘gﬁd&%’ rﬁmql?igg Itt}cu e%rsad(ziigont cr)]fepropagaUno
high-speed signals by maxumzmg the distance between the twisted pairs 240 of adjacent
cables 120. Specifically, the distancing of the cables 120 reduces the effects of.alien
crosstalk. As mentioned above, the magnitudes of the fields that cause alien crosstalk

weaken with distance. -
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weaken with di stance. -24 WD 2005/ 045854
PCT/ US2004/ 034034 [ 0094] The adj acent cables 120 can

bOgsyd,dual Iy and helically tw sted al ong Y
“gg?%$F%¥4axes as shown in Fig. 1 such that tﬁgﬁggéﬁQ%%“”‘

of contact 140 and the air pockets 160 shown in Fig.

1 are forned at various positions along the adjacent

cables 120. The cables 120 may be tw sted so that the
ridges 180 formthe points of contact 140 between the
qedyags 1Pk adcsht SGYRSErR0l Barl BF ahiQMivaRy Fin@- helically twisted along
Accordingly, at various _positions along the

|g§h§aklwarﬁli¢1 axeeas showa igdjis deich dhasthes paip ohwpntaciut49 and the air

i ' 18Q. - . L 0LS, th .
Ty T I T O —
@0k &hs cabl€0120thay batwistsd d2Mhanthy ridgec B fogt tiedpdifts of contact 140

increase the digtance, between their tw sted pairs 240
3EEGE Hog FEDIBDIS S HoCONER Gt AP iR Hihel nobiceEHRElb: at various
RRbiftbEs albRe fRONniafkcl Rles, el £acthOSHe! 100 thiy touch at their ridges

addition, by using a random zed helical tw sting _
diSPf d¥taen-caniasicraints, balstijesent 2ables h20 cinslheaseperabrel yetkn air pockets

t ' i i.m.zed discouraging . . .
188, Y5} 138 R e Cnrlalis Pt HBEE RY gpPE KPR thpir owised
epamf; Bé0 at HAR Ao pcﬁﬁtrsto:ﬁ l&bntgétmelomhl ths n&ﬁﬁ?mm ﬂ@ﬁ‘lt?, thereby reducing
canfi gur 0 Xi . di stance their |onger ay ]
DRk EEaTRrT ©y.sking o Tongmizpd bofical MOFE fap isrent adjacent
(chBled 2P@ @he HRtantE D& WRel WeSidPentRBbles 12090 matfiide b discouraging
nore prone to alien crosstalk than are the shorter” | ay

Ingstipgrthg adhasent qablep 420 nprglation gronemmothedi ngl y, t he

cabl es 120 may sel ectively position the |onger |ay

QORI h tTurtesdhpaihles 20N R4Qafignioditoranaximallyt tistance their longer
I S : Sk 420 . eac cable 120 to . ..
15 B D IR0 AR, S Pl a i TR Bafar frpen iseea
240b 240%4.240d Fiei rsore poorfei tguhied Ciosstalk|tharbare fther shoeter lay length twisted

di_scussed, hel ow._ 1. doni.zed. Cabl e Twi st [0096] The

HoLf 2308 SO0 Arotina R AT RABOLIT P st B £ 20954 plonger tay
hengtexwizied geird )240b W\ 40d Hraxidie & HRCResCAIMES tdrddnad20a of each
different cable |ay lengths. By being tw sted at

drbleetdhto futhes disange pharenesr londength tyistedopasse?A0b, 240d.  This
%Hhaﬁat%ﬂpoe:%@ddii%ss%BHowe val |l eys of the other

cabl @ 120, the scouragi ng a nesting alignnment of
t he cabl es ;120 i . Ah e anot her.

ol €s 1120 ighpd ﬁul.i’e*d 1 .
Accordingly, .the éll ? er en% %g“llijggngt hs of the adjacent
da®t6s 1P disenge baywpereadiavenidy poliisamdreables 128 tamye efaximized by
the adj.acent cabl es ... FoL._exa Ie,tpﬁ% adj gcent "~
SRR B 5y g o TRlrSR T e iPe P Ttnesovised
diferehtaties, thayeeakylGbée of the adjacent cables 120 do not align with the valleys of
the other cable 120, thereby discouraging a nesting alignment of the cables i20 in
relation to one another. Accordingly, the different lay lengths of the adjacent cables 120
help to prevent or discourage mesting of the adjacent cables 120. For example, the
adjacent cables 120 shown in Fig. 1 have different lay lengths. Therefore, the number

and size of the air pockets 160 formed between the cables 120 are maximized:
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and size of the air pockets 160 fornmed between the
cabl es 120 are maxi m zed. -25 WO 2005/ 045854
wWeSThiskeQ41034034  [0097] The cable 120 can qﬁrwusm)4m3un4
; conplgured to hel p ensure that adjacently placed's LB
sections of the cable 120 do not have the sane tw st
rate at any point along .the length of the
sub-sections. To this end, the cable 120 may be
helically twisted along at |east a predefined |ength
qbogMe cahd eable Q20 thebd ebﬂxfﬁ:@ired Vo Bélpregsurs Qhal%ljacantly placed sub-
torsional rotation of _the cable about a gener

Isé‘i'?tﬂ“ﬁ 96 he-Aebl6,420 domgbhayei e 34me st FiegEl oY PRt el e lengthof
) s ?ctlgfsa;@[)'tﬁg et Sthe |hBePTRFhY BE heli 1! hisi0d e at least 2

I engt he cable 120 el
qmd'efmad) lemigth ofrthe eaﬂeéz(br Toohelical wshx]g webxdeaa gsrsiongl rotation of

red fi ned exa
B eI Ay Areeneral loheinieBhe 55 Ao et iodiRg SR pABRY 120 may
R vikied lo9ethe tphelefinddl lengkR Qo titahe aktie 1dyal¢ngte rwtﬂlib 6ale 120 either
conti nuously decrease (the cable 120 is tw sted

tOBHREUPLYainsFRISSoPh cantippopyly desrrages] overadicapisdefingg length.  For
%?hﬁhleah%%bfeh@g 0 thiled & a@ %E&B@éjlay lé}%}\e Q?a hﬁgtﬂnnt along

e cable 12 tens, the I stances b
shé cailé mgo r Ttigyeabld B lergtlonan c¢relnuam1y3 dd2érsel €he e;able 120 is twisted

~ SBRSTUSELs RBP4 905758 LA B 408 508 oo

SAK tHRE6H 5t0dTStha lceblp A0 ttioafmci, e Aaeides hervare theaegmﬁfo, ridges 180
the sub-sections of the cable 120 will have dif

cAneethe 591’113 ety farseaserHrapseqeat yuvaggelbe prrdelingg. lergth o fhe cable 120
U5 2884390 095U LIS AP Bl M o o
readther.rihe ahb-eertionn ob thal dablsel 2Aewill thee differgecablorigy Bengths. This

TRCEE e l06 L RRARGH REINE Bl Rcanklli meq*oeS 486 of the cables-

erent tw st of 't
201 spnrabatailﬁfﬁnntcratasslhemdzﬂy byguading alicn a‘rbﬂ@p]]aba%éxathe sub sechons by

avera e distance b tween, the over th

SHaTaRG 1 GhGrSe DIHETD et Eat o s Gt Ayt Sges of the sub-
dde&ﬁ&ﬁ%l &ﬁﬁl‘ﬁﬁ@%&@&o@tﬂﬁ BYImARSIRG 4 Y@talrPhREDR WBstance between
poi nts 425 of each of the sub- sections is at |east

offie SeRrsactipReo T Sheapredeliped lemath. dagomesmbedisaants, ¢hg average distance
flsébév@én i LRRS Ap 4290¢ £éfa@n&r,]%i '4?561« eﬁ)ﬁtc?%%ﬁiﬁ-s&ﬁgns is at least

sectl ons ove t he predef engt
Boechadiethehdistemde| o thézmemgth h‘éhlgaaiduie:tfmesteetd:nabn ra0ddrd predefined

f I th, the filler.
s ntf%etflmsﬁe"é‘aé’r%%vw?ﬁaa%ﬁ W08 ne | acket 260 can
b@ﬂgé SErES SGA0R ) Bty e Abisptonf yafdns rte along the

yyeeéfﬁﬁdﬂa@gshtmatﬁﬂeh 200, theSRestd yeird 240, ﬁm&hﬁe 3hcket 260 can be
ei t her continuously i ncreased or - conti nuousl y

d@\afsted\s@@tsgmngh Russthe dibler P0G ded ivristad parsgdR, andiomstbergacket 260
Ooe tw1g{éc§ Suc‘hqﬁat their respective lay lengths are either continuously increased or
continuously decreased over at least the predefined length. In some embodiments, the
jacket 260 is applied over the filler 200 and twisted pairs 240 in a compression fit such

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



jacket 260 is applied over the filler '200 .and tw sted
pairs 240 in a conpression. fit such that the

w%%b#uﬁ s,on of the jacket 260 includes a tw Sgda2080034034
the | a2f<et 260 that causes the -26 WO 2005/045854 -

PCT/ U82004/ 034034 tightly received filler 200 to be

twisted in a corresponding manner. As a result, the

twi sted pairs 240 received within filler 200 are

ultimately helically twisted with respect to one

HEbHh s3ceived fﬁ}f‘é&()pcté ber Aoy |ar@rteh1@mdagg mm})irhsAS)fa result, the

R o L3 B OGS 26 Gl K AP 3R Bt o

- bhe ma:ﬂihmd In pxzh\zmﬁ, eajlelomlzmg thie ﬂlayzlbmghi hﬁ%thé @wis&fdﬁﬁﬁb‘ oY Bfce jacket
air th|n cahle 120, In._contr

T % Bl Sufh 8 o Lo ling A fioc i s, beer dawed i have the added
Q@VHNBIRE or WinF i B Ythé 6d- H@ohﬂcdoﬂcd'feﬁs@lthl%n&%ﬁa' &P . contrast, other

cross-tal k. The | nportance of mnimzing alr con
ﬁBPTQ@C@é%J fseagdoraization FYPICQQE tricosasGaiz. confenie mitiie emy actually increase

S of. the filler 20
pendgpci P%ﬁ%f Ip % }% %]%Egﬁmggﬂgegtcﬂ@tw SsYigiypssed below in
ﬁactrosx D, Menthﬂeksvmﬁ hsomd henddimeédts,t @ twigtRel dfcad Yiller 200
st ed g to one another. [0099] The
P%ﬂdﬁ‘“;fmw e %@uaf‘ébh% tvisigd airs @40 gdeived githin the filler to

%heuumy@hsea%ﬂ{ﬂesﬁdttoloaxaﬁ&ﬂ&th of each of the
tw sted pairs 240. The twi sted pairs 240 are varied by

h
) A Ao £k AT A s

lengthopf thspf)rﬁlm twiafed t pairapA0l e Thbytwtisted airs az4|o are varied by

h t t,ed
PRSI 4aB® B & e B BR A HL pngiy oFe e can be
daﬂue:,d dshtbe IamOuhe ofjtdrsiondl teie applied b tHenbsdrAd hpiRdal SwRARe of the
g\g @ges azgge ]'tnal n anoun Trln s function and its
REFPAgs TRPOPSH (OrHRT applisatipnet dhe Wr%l%ma&wwhrafe@ the lay length
bf g&th of Ut iddded gl PrORGBAdR kRS bual. e f&rﬁgbﬁ anci'ﬁp benefits

wil.l also be further discussed in relation to Fig
yiihbg fysthepdiseuspgck ia rejatiayietiss: 1 Mdﬂ@O]Trxeu ryedefiped Rng@mmhe cable

L) wﬁls&f,@ﬁgmaeg,&eu@ 'myélm tgfms _tqgl nal 'y

adj acent rcally twste 0 according

to the firgt e im t he |nvent|on Figs. 6A-6B
show cross- secrlpgiﬁa w?&édof the cables 120 touching

01907 1 éfleﬂntﬁx"péDn&l@Woflanaus reressisedibBal Aews hefskengitudinally adjacent

AT b el El S B3 P T mabRipei of g nvention. Figs

6W-GB edo\oadrm sgétibn@.f vitijsaseie &k eR0l@fchihhek ed?ﬁferent points of
m ni m zing ien crosstalk at the points of conta

i%act[lf}@lo‘&l] th@‘%ff nosigions Ahe filer exéansions 420cen bel cp@fugxsedzmncrease
ﬂ'fe difen& e Senlnl t@fs?edsﬁa?grﬁbe& Jﬂ}lacgnhc cables 120, thereby minimizing

alien crosstalk at the points of contact 140.

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

shown in Fig. 6A, the filler extensions 420a of the cables 120 increase the distance
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distance (Si). The distance (Si) equals approxi mately

"two tinmes the sumof the extensioon length (El) and
wd'solhiseness of the jacket 260. In the cabl epdgfs,,

position shown in Fig. 6A, the filler extensions 2&%46034034

of the cables 120 increase the distance -27 WO

2005/ 045854 PCT/ US2004/ 034034 bet ween t he nearest

tw sted pairs 240 of the cables 120 by tw ce the

extension length (El). The cl osest reference points

4pBvesh thheeaeytdwented pailsl 24 aRhegablen 126 i gvicd fhead@ension length

TREF LB St AR Re S0 Box oh e 1R LlRHD it e 64 are

rseparaed by the digagersitay length tw sted pairs 240b, 240d
are nore proximate to each other than are the shorter

l[e01028 NIkhFik WAL R @éc@ﬁt ah8,1284R¢ 9§1t151|i1§1 &RR! iﬁ% 4P resﬁective

Because the'| onger lay length tw sted-pairs
dopeggr éayéerrmb ém;ﬁtedrmus 34ah,i240d eweaa@neairwumemtoauaeh pther than are the

A4y Ay OB 3D 580 02 80 AP B, e onser s

ded gm: twmedi yammau an@dlare andre @mné o ialied sk dhat @a @R shorter lay

g%%§$en tH %%g :%g Ien wi sted _pairs 240
BYIsef @23 1R ‘ﬁt Wens’c%é 428m Qe uthq eaples 120 are
|se1Reti 21y YdsiioRdd E@bfo‘#?ldcgﬂcg@ased?élgﬁn% bdthBeF @R ll(%ﬁrs %l?a%né'fg% twisted

further separated at the point of contact 14
PRys 2600, 24Ad of e edljes b¥licCapseanéndly, Sreolosper lay Betgieewisted pairs

tZQ@F‘ 2408 gtﬂtégéar?\rf%\r”fbg »arb @&h%??ép%?atedlgttothg %081 \);\églhta?tryo shown in

conti gure e maxi num-separ a

|Fog ofek, alndyhelremgtekiucmg\/lahdbtedosmlk bet&(bﬁb thetdOdhn other words, the cables
filler 200.can selectively recejve

d ot
306 B B el ap st e, SRR S EBROTL b gHeps 104 Jqeer lay length

|t@[mrpal1r§y24blﬁrmti t Adcot@abiPahé $i1184060 caftQedi®¥y B&ive and house
posi t.i oned n% f})rom mate to a longer filler extension
Jorovisii pai X PHe 5t igneer it leagthelptistodpairs 240b, 240d may

"BeHoRiti&hd¥Omat f20xiflaRSH! Alok .1 G{11E %Qtefx %g%ﬂs E Tl?ig gﬁr&%ﬁn is helpful

of alien crosstalk betweeh the cab
|f@mgf§¢cuwdy thighigizing alient adssad bsm@em)mhe M:fhml s0§it0€x1 6f33lien crosstalk

Btk Bl 150 2 ROBRAG | 1208 ﬁév’s%ﬂ i 20 E%ﬁ;'t hs.
t t 240 o
i B A e v
taslea 2l orithek Getmkis. a@mmlsnmmkwegtw@md@&stzh@ of ﬁié'@ables 120
of the extensngg Ien(%gp %1132 and the thickness of the
e

jAECIeRITaFgdy thaydisigace jstapess(SE) enadraRFoXimatElygwo times the
&Bm dthe EktehSbn fé’ﬁgﬁxn(ﬁ?? B8d f20RicRhesk B¢ 2 lcﬁe? 21560 IH the cable 120

i ncrease the fance’ between t he neare
(Pabitien Zh@wnfin tfhg 6Rbthe sfille? Gxlepsions d20h o the(tcehilss @20 increase the

lengt h.(E2 The cl osest refe oi of .t'he

ggﬁt%gg I}?E:t 1 then %9%% éé?(g &F g% cagfes 14)3 %y twice the extension
length (E2). The closest reference points 425 of the adjacent cables 120 shown in Fi g. 6B
are separated by the distance S2'.

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

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

28



“are separat ed.by the distance S2'. [00104] In Fig. 6B,
t he adj acent cables 120 are positioned such that their

Wé(ﬁ%ﬂ@@&kks‘/te shorter lay length twisted pairs %9@52004/034034

C are nore proxinmate to each other than are t
| onger lay length twi sted pairs 240b, 240d of the
cabl es .120. The ‘shorter lay length -28 WD 2005/ 045854
PCT/ US2004/ 034034 tw sted pairs 240a, 240c of the
cabl es 120 are separated at the point of contact 140

sthvisesd pdins 24082408 0Dthe ahble BT art Reparted) bt the Pbint Hfecontact 140 shown
filler extensions 420b S BEer eby reducing alien

dp ddg1 B Pyl l5ask et kash lor piéenstigi 20b) thgreby reducing alien
|<§5‘£Eaﬁk B%é@@xeﬂ@'ﬁ&a@s@% sl‘gﬂ‘%?l lgn tﬁ%@rstéﬁ&%ﬁ-@ 48 2480 are less

alien crosstalk than are the
abrss t@ 4ldn crqgalk thimwe ares thel loegexf lal,vl lengthxtwisted paiss 220H) 240d, the

of the.pables 120 t|o ed to

Qe F a8 GEhobRD 4 300 B Sk P e Rk NEE Posoneg go cistance the
2hbgeolayt loggth abliged ?;&95 24’@a dme usrsgd cabRye20. | B§ rcﬁ@%@ééd above,
di stance._i s more hel pful for reduci ng alien crosstal

JasrRash diHence df gegre |hskpful| fongeducing alicacrpsialks begien the longer lay

T o Ll o e

| Bfgrh usedits erqmalheslomﬁbly 12aDhl twisted gmirt R40ts 2w atepositions where
t.hey are st. pr.oxi.nat e, bet he cabl es 120. 3. :
N a8 skt B P R 08 65 show

cross-sectipnal |evvs oft he cables 120 at non-contact
poi nt s alogth Qo-eoRGtF oINS hese positions, the

dables 1E£gsC&ﬂ 61e shomforgigrsectidmal vidws ep s &ib@esdlﬁ ah@Bn-contact
sted pairs 240 of adjacent cables 120

bet wee
RPHS ‘?‘Fﬁg‘fn&hfr pYcketss Pagieonse thie 6#Pleh 42¢ spn é>§ configured to

136k stemaé 89%n B BYWE thE evikbie Pafet 956 LA
of ggnt act1 140. \t/\hen tt hfe agj g)cent cabl &g%d%t éa‘agﬁg% 8} Sorming the

| PURQF&RE ISP Ibptveasa throrablas| 120. thireby sainimizing #lien cegsstalk at the points
! . |

RSkl DG B S 1991 UARSIAD BB Mot

1<ﬂﬁcn‘enbmtrh@$1y| lngethe gbe fidler exenomc4Es belp donu ehe hi:ﬂlpﬁ)ckets 160 by

i st.ancin ximzed b r eat sli
TEERTp Hnenl F5 GRER 020 T Meiien peclihe | Angisctntimapbove, tis
adiganddhg et eabbe matizized ©0dL&In Tﬂﬁhﬁﬂﬁctﬁ&ﬁiﬁ@‘iﬁt&@@rmatlom along
|ncrease the distances betvveen the tw sted pairs

dhe langiuding|azes afthe cables 128C shows a cross- sect | onal
vi ew of the adjacent cables 120 separated by a
JAP10&dy| Ihe é}frpoﬁl%k 460 irgyease the ér@@mqsdm\amrfge twisted pairs 240 of

e 0% o L’?"“fﬁ%”é%dé%@8*623'#‘%?5’3%%@6% s
dv)r a [peactioed ar 12660 pocket 160 at a position along their longitudinal lengths. At the
position illustrated in Fig. 6C, the adjacent cables 120 are separated by the air pocket 160.
While at this position, the air pocket 160 formed by the helically rotating ridges 180
functions to distance the most proximate twisted pairs 240 of each cable 120. The length
of the air pocket 160 is the increased distance between the adjacent cables 120.. In Fig.
6C, the distance between the nearest twisted pairs 240 of the cables 120 at this position is

indicated by the distance (S3). Because air has excellent insulation properties, the
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While at this position, the air pocket 160 formed by
the helically rotating ridges 180 functions to
_,the nobst proximate tw sted pairs 240,
.“gjaﬁbjlbgw{fga The length of the air pocket 160 |s %1%26917034034
i ncreased di stance between the adjacent cabl es 120.
In Fig. 6C, the distance between the nearest tw st ed
pairs 240 of the cables 120 at this position is \
indi cated by the distance (S3). Because air has
distance dommed by, thaaioppepiolidr isicdisctivenfor isbgingohe adjacent cables 120

.%%é@éﬁ%éktm {[ﬁ-’??vo é/ 91% st rgfe‘?éq%g%gmftsoﬁég T 81% adjacent cables

air pocket 160 is é’f?ect Ive ?or I'SO
ady arcenpareta by heldftanderS3m al i en cr osst al k In Fig. 6C,
the cl osest reference points 425 of the adjacent

(@108 TROcabies 120par dt ednfiyuréd udhi thitoRkd 83ir twisted palfs 240 are
\[R'(H?Olog% he cgﬁ)l es 120 can _be configured such that
EsPPetaiadoy he dllsyeriensions 420, the air nogkets é@hm&tfemetg/totms;ance the

bivisteBpaf DO SF BB Lati20120% Bereby”
to distance the tw sted pg% he g%éd s 85 rosgti%g’etwee“the

cadesebdP- hel ping to reduce alien crosstal k between the
cabl es 120. [00108] Fig. 6D shows a cross-sectional
WUE8Lf Kip eﬁlhdljlca’zﬁemmmbwal 2evadt theadjhent eibiles IBD)Cdf@.hother air

Sim| t
é05| #%ggﬁ‘bﬁmr 1%19%%81“3 Efl llﬁe mgg’ﬁ fthe i?gﬂ“g‘; S}lﬂ%g" indfig. 6C, the
-aamesmarm £ dinJayre Eé‘pﬁra’ﬂédb}ﬂﬁé kRtpodRl-164\S Ad Hfseu&b%éc?f% x‘eﬁuon to Fig.
iQn t the air pocket 160 shown in Fig
8%‘ a'i?nad]f P (%) 8}°§‘tna1ﬁcFéotq¥é farciicas to digianeathe pwarest tw1$ted pairs
240 oPthetdaBles @@(b eg§pd aQtanJJ‘Sergl'eéxLe cag‘{égét\eﬁ&%&égést 240, ¢f the cables

nearest tw sted pairs 240
had at F%P@%thmldlln@‘éai@ﬂ by thehdistdnet (8dd.e If B#). .6, rhd-csest reference

?QB Aol AL LA s BBy €7 Bl %6100
gy fz@& F OB A SERBEL SrRORRTEY doSebiion, over

bmbedinfentyof ek carblesnkzt)&as e tcoafigirsd 8 GRecaRCIHERRaldE between the
nt. cabl es 240. For exanpl e,

t.ed. 240 of
et @R A B e geP ek 36T bk Dismotes 207ide g ok lometension
¢20) chiefi guseRidné Banl w&&&wlnkféﬁséjﬂhétd?s‘%ﬁe %@M@Eﬁ?} zgizacent cables 120.

adj acent cabl es 120. he filler 200 can In
s fillpesfl0 Gan Aasdpde daﬁ@re@turmbemf amdrsezes iof the ffillex exterssi @R 420 and the

ﬁﬁ@r &R’fhehh@OO IHa ln%rco hgl.lggg rt§ tfqéis ng & ga J%Eéntgcfaheep é,?_O The

to prevent nesting o ace
ﬁu@r Mnannnd:lu@tearmlghapmaqo&srgh tﬂashegps tolidtaree thS adjfcent czhbles 120

tanc t he .adj t cabl es 0 while conplying wt
Elé' gl% 3§t H}daédégfz’éc@ilez%zeo?f digmagiet er .

E}%ﬂ%ﬂ or exa l.e, Fig. 7 is a cross-sectional view _
gi gxaimple, lgc? lé@é:msstsgqﬂqggl view of longitudinally adjacent cables

120" according to the second embodiment of the invention. The cables 120’ shown in
Fig. 7 can be positioned similarly to the cables 120 shown in Figs. 6A-6D. Each of the
cables 120’ includes the jacket 260 surrouﬁding the filler 200, the fillér divider 400, the
filler extensions 420, and the twisted pairs 240. The cables 120’ also include the ridges
180 formed along the jackets 260 by the filler extensions 420. The elevated ridges 180
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120" according to the second enbodi nent of the

i nvention. The cables 120' shown in Fig.- 7 can be
wiPsbhiiaegd simlarly to the cables 120 shown gy dd2881034034
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 tw sted pairs

240. The cables 120" also include the ridges 180

formed along the jackets 260 by the filler extensi-ons

Ke2P to Tiivgeaet eheadiedned blgwsexﬂ&@ tw-isBéIl mﬁﬂﬂﬁbﬂﬂ%ﬁﬁacent cables 120

PCT/ US2004/ 034034 hb‘lﬂp [ aﬁ e di stance.
bopwedhe priatsaficonisgt 1A bawesrhe A i R theslidesg 180 of the
%ﬁ1§§cause the points of contact 140 betmeen t he
cabl es 120" occur at the ridges 180 of the cables
11 [9 ]+ 1 | 7 s
oLy | 3PP 7, b e 12 AR e Il RTSIIERRD that extend
beyoad teeabssessatiormt ewss of seuaref he twistedt pairs 246, ﬁl&ierfﬂler extensions

40, h filler.extensi n
g B ok Canfitriopan 312 BERE ar 8 Bisbibsed iy SRR ot Bfikiyittg prevent
ﬂésﬁ\»fg Bf heleB¥ tmteafadjaeéﬂt Gablky 120Masd Ridreasin@ eedistadek ®stween the
120" "and i ncreasi ng t he di stances between the twisted

peipted pRizn24} of the cablps ¢20'1 dnFig. 7y thej ¢jstance hehwey the apwast twisted
t |

P31t EcAR 128t B B polRr 8080 1t BREREb T s

(851 Wiickl issap@mcanaté:sa)vo tishdsche sn aphecxiensive lgngthvmd the thickness

%#%a?ﬁiﬁhe 6:0“:55 tcfa]lréle qgg kéﬁ gzz%se%}ﬁgﬁeg%%‘? Bg‘lixgsoﬁgeqfhtge adJacent cables

OOSRWN hefig f’ﬁﬁ@%ep&hﬁ& %y%d@fan&ehSS adjhecbles a2l B8wn in Fig. 7
120" shown i n Fig are_separated by the distance S5

Tesedechvely mgon éfr?oWStPfh pfsy24070f @ﬁﬁegfehaé dengihst ip any of the ways

'ﬁ&éﬁstsé&)ﬁbévge Ac\é’bﬁﬁx@qjy RAL EsbiAPo0br High ﬁ%raﬁrye doftMgured to minimize

l'engths i n any of the-ways discussed above.
Aborogrdssiegt.y, t he cables,120 of Fig. 7 can- be
configured to mnimze alien crosstalk. [001121 Fi g.

- §00192hn Bal Sisgadnergsdsresesetional vigy efihsflongimdinally adjacent cables
é@@% &b‘\dl al l%éggdﬂg;?cetﬁég%%%e%% té?ﬁgaﬁ% 'i“}t‘]%cafbllés lgbihown in Fig.
B26e 61l§@mdlb®' thd Eehcaﬂiy ewistin}j fillea20ett 1bﬂn)t bethb elaiye &Isdn;&sed above in
twstln%flller 200"" in any of the ways discussed .

- apaNen tedis- A8 ation to Fig. 4D. F. Selective Distance
Maxi m zation [00113 - The_ present cable
conf i &ur at Seiseivedistange Maxiraizatign| degr adati on by

rwmsjﬂl n@“hé %ﬁres%% eabieY RomPsirkticRR| M %m’tnlﬂge t Ml €dboradation by
pairs ferring agalnto Fi A the tw sted

ppamm@ngﬁ@eselemwposmw &fribe M@fdg pairs 0. | Retaonglegain (o Fig. 4A,

i fc’w1s?ted p‘éusdiét%%l ﬂdba540c and 240d can be independently twisted at dissimilar

lay lengths. In Fig. 4A, the twisted pair 240a and the twisted pair 240c have shorter lay
lengths than the longer lay lengths of the twisted pair 240b and the twisted pair 240d.

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

are oriented at relatively smaller angles from a parallel orientation. On the other hand,
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lay lengths. In Fig. 4A, the twisted pair 240a and the
twi sted pair 240c have shorter lay lengths than the

y lengths of the twi sted pair 240b
“J()\(/)\n{ég?‘ga%gal r 240d. [00114] As nentioned ab0\6/'&0'”6ﬁﬁwo34034
crosstalk nore readily affects the twi sted pairs 240
with 1long lay | engths because the conductors 300 of
long lay length twi sted pairs 240b, 240d are oriented
at relatively smaller angles froma parall el
Ghoresn 18t lendih t\ﬁﬂteﬁhﬁlrﬁ)ﬂh(m 24@mithve -hdcheY\h €08 A L85 between their
PCT/ US2004/ 034034 rte a%/ | engt.h twi [

bt

d ,
saepctosy o0 Andears; BRERIOTEN Fems Eyng et gad Jase susceptivle to
tc{:@ktﬁlk ﬁ&@éjucégﬂs%%@ﬁay, apdtedr Sair 1AOK ein@r ﬁmsﬂceﬁréalﬁe Q40d are more

from bel ng paral | and | ess susceptible to osst al
radceptiblCom srogstelit thyn atenivested peii 24034@5 taigied peir 248d Wlth these

P dare |b| t.al k .than. are
Bireditis i, o cHHRF PR e rhiBR B\l il SFosstane by

Ciﬂikﬁdixﬂfzir@thé&ls&ﬁcd betWeditkheit ltﬁlgqa)bleﬂgthlﬁfﬁkt@ﬁ;ﬁmlb @40b, 240d.

configured to reduce alien crosstalk by nmaxim zing

t[0®1181 SUPRCIen ©t ﬁﬂh Pﬁﬁé 240112904 a¥ adjectart bativg BJOQﬁn be d1stanccd
pai rs_ 240b, 240 15] The | 033 lay |l ength pair

Mompsn@m @Fmaﬁljoé%%‘i? te élﬁﬂ &32epd l@aﬁxwman 28nc éipr gpmple, as
\lvﬁ '1r9 B g%ﬁow&ﬁﬁmﬁ t(El)t GPfIL@Ir &Qéﬁsu{g' AHO@ is oreaﬁr than the

e nsi o r exa
cexteaslsn dengtre (ER) hof(flex erzifenélph I4@0b e)B}epsSItwnmgﬂE tvgsted pairs 240b,
ext ens

iR a0y Mg rurira Bt Rele 512D diFes e sxpsion 420,

MO dointst dF doargen4d aat loedigttasydnaké Mlke ek@ndibms mial of'the adjacent
120 largest. filler extension 420a, the points of

<ablend20 Wil rravide gpaximumediianse beiwesn rheelfonéﬁmé Aefigh visted pairs

4208, Bloal IS oAl AGER theGBilep $ay11%90m11 thvistf PR 0B b5 Bned more
di stance between the | ong lay length twisted pairs

protimap4odhe largestiler extorsen 4 Oaghamoprgdhe Fhpyter daygeneth twisted pairs
St £ r

HlG" SEoRIDT, € ol PP Rech 0k PRECo A0, FRTRE B Bges 120 are
© | separhted gt thetpm:ﬁtcéd:opﬁctr B0 @46 ledse cloy gieaghtyavatliide kxmagsion lengths

I I wi st ed |rs 240b t he .capl e 0

(D). TR st S TRO Bt i B g iR £d3pce 0 e

taﬁocgﬁrﬁa{@gﬂomwaﬁg%bgg ogxtension lengths (El). This

configuration and its benefits will. be-further

pLRINERiow bR ITPIRERNGBsstRchidial vdWROBT BBy adjaBent cabl
gx; ﬁﬂQA-lé’D [001136] Fi 3:@QBA-9D show cross-sect] onjgl T canes

vlm%@cmdlnsrﬁ@ r.heu@udamtyb nhebihe magntions. In Fggs. 9A-9D, the twisted

PR Sak el 6, AR BB, R g AR o

Ixﬁﬁhﬂﬂ& theedibiaing bawede (i@t ong Wag tieshtaivisted plibs MGBZ)cizmd of the
configured to maxim ze the distance between the

aégpaqe@tr@pﬁs 490's eT:hepF&H% 130/ ogsch Mdededhe tysted pairs 240a %40b 240c,
240d with dissimilar lay lengths. The long lay length twisted pairs 240b, 240d are

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

length twisted pairs 240b, 240d of the cables 120". Figs. 9A-9D show different cross-
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adj acent cables 120". The cabl es 120" each incl ude the
twi sted pairs 240a, 240b, 240c, 240d with dissimlar

“l%)dg/@gg; ,hs. The long lay length twi sted pai rﬁcﬂf}gﬂm/oswu

are positioned nost proximate to the |on
filler extension 420 of the filler 200" of each cabl e
120". This configuration helps mnimze alien
crosstal k between the long lay length twi sted pairs
240b, 240d of the cables 120". Figs. 9A-9D show
séctibnaleviews rofshe tw&&dVﬁbét@ﬁEbﬁhﬂE@ 15a Mﬁfd&%@%éﬁaﬂﬂ%ng their

ectl e tw sted adj acent. cables .120"
@P@ye?ﬁte% {‘“’P@'H% along their |ongitudinally

i@ai?f i S8 2 SosipesForh VienookaaRkobRent gt avised adjacent cables

@Qﬁ) onfl '199¥
A 2B 0 g1 b EE s 100 210

ghnym IDAEIg. Shothre ¢ablesi 130" erg peditioned shels tHhp e fliae extensmns 420 of

i ne Lhat th |l er e 420 o
Bt Ot AR T 8% 90%eq bonsf R BB et Tourpt contact 140 5
éirhed beﬁmn [hé oabled 1709 alkd riddd 180 lobREABEwRE: Y}%eﬂlérfb%ctensmns
gs&l es 120" at the ridges 180 | ocated between the

s Bk cables aWZl?SIU%C‘i ke Figa (1% 4hq digtangg getween the long lay
ﬂ@ﬁﬂeﬁ @R aau) 2 Wis 2 g ogfnl?zﬁelg éﬁé ant 6t BEY ef]ﬂql{lelhfg & S¥tensions

8/ tw sted pairs appr oxi
62 exiend b%@lﬂﬂsf,hft erass-sehiéorfal hiegrof dixt Byisted pslrs zmb 240 rmkhcated by

g‘%ydgﬁﬂf%g?ﬁ thg a%%et(}ga | %g?cgf gtﬁ!agc ng %Peéﬁgbt hehis sum is

jrnhxiaedd Bﬁ@hd Idlscénnes{se)s of regchA othet tlasecsabéfe@na@ Boints 425 -of the
IS suqh I,ndi cat ed 3aw%he di stance (S6). In Fig.

3 acepheanlesoldds g sparaisddy theditanca 54 ofhe ¢rafigumyiae shewn in Fig.

_ QAtHeﬁﬁ hiftniz8 hRers &B&Ak ﬁgar@’oft e »\Q:)@ bRBESedbove -irrrxeelanon to Figs.

configuration shown in Fig. ps mnimze alien
talk in any of the ways dlscussed above in
relation to Fi 6A-6D. [00118] Fig. 9B shows
0318k Reo%R- @ms iagpther vnoewwmna:levxcw oft tbd twikjtealc edjncent cables

! it e l.engt hs, of ..
(f%@ ﬁg‘ﬁaﬁiltgpu%ﬁ)sﬂgnay&{%ﬁéa (I:égl% &f gtﬁk %ggil xsadjaf%g cables 120”.
thebdablkes 120" ratate aheﬁﬂheem‘terisioas 428 e\ witls théA0tation.e HMFid) 9B, the

' rotation tensi ons 420
E; RReRRIE20 B st bF el borhfi eepied Boncraly upward.

.BefHﬁ@@tHe)fﬂl@\&ﬁfeﬂsmn Bﬁ@a’w‘s@s theeablel 16" (£¥d Sk QR &1%
causes the cable 120" to be offset, the air pocee %oc%et 160 is

farmed dreisentbe bl t1AQ" ehtie origntationof thei Bllor exsensims 120, The
Phorlgfucloy IBlvnol! £ L G

Sl et F7 20 i 08! LOUERL' 5 B v
ﬁiseumaijabovdlmaﬂmaend t@Fipse6Ar6D.elFot iegample, & @iScusbAt Mdve, the air

ﬁgg’pn? I scussed abO\é the air

pockct elps to reduce alien crosstalk by maximizing the distance between the .
twisted pairs 240 of the cables 120". The distance (S7) indicates the separation between
the nearest twisted pairs 240 of the cables 120". - In Fig. 9B, the closest reference points

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

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

120" of Fig. 9A at a different position along the lengths of the longitudinally adjacent
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pocket 160 hel ps to reduce alien crosstal k by
maxi m zi ng the di stance between the . tw sted, pairs
e cabl es 120". The di stance (S7) i ndjcp

“&ﬁgmggha?atlon betmeen the nearest tw sted palrsgé%m“n4

of the cables 120". In Fig. 9B, the closest reference

poi nts 425 of the adj acent cabl es 120" are separated

by the distance S7'. [00119] Fig. 9C shows anot her
cross-sectional view of the tw sted adjacent cables

tﬁﬂés ]:ﬁO"FlAg thlg/@()ﬁﬂt the AliéA exteastonp d20 bf the cables QZ(D’hﬂe oriented away

027 0 siss bt DRgBb et avied iR 200, 499 axpgclsiivly positoned

I@ﬁixﬁkhatettb &hé iffllef Ext@fﬁl@rﬂaQ@nsA&%%ﬂélyt @1@ 18 |1§§F 1eh$fh twisted pairs
are oriented away from each other:

Ré0hy 2A0d arelsaprisatedpaa.oBhe gmlaarlmgletv@eted \peirgl 240a 240c of each

ne A
L LT W —
M@dl ametedtlp&ms d|40a=,‘rﬁ49d agpast as fseemivty to traystAlRNGtde the long lay

I BT PSR, 2o, Thotefite he ORAPHHERI! he GBSOV shown in
Fire ®haobes hay undcBEsly tﬁé‘ﬂﬁtﬁg 19@?1"1?}' 6+ 8fbh- sg')%?& sfnfls "R they are-

as susceptible to crossta k as are’the
PEAPgEdied plosg dhie fiusted panOBA0. 200ur efﬁbedla_iemseqf thheables 120" include

sho in .Fi.g. 9C does .

BELFORARR 2 RN Rl g0 shOn g By 0
gd@gmal s as they are propagated atong the tw sted - :
‘pairs 240. O her enbodi nents of the cabl-es-120"

i[0tR0He Afthé pesitiexstonaiinFeg. 429 tieoioh Gynehth QvifstéﬁthEE 240b, 240d
dlstanF@bthe short lay Iength tw sted ?alrs 240a,
h

STERAtur iezmat by the cngapp%sh ok ths\viablen 1740y Smflqa}ib the areas of
 kinghoktady et Rvikvd §£L€sd24lﬁ| 2502808 25104 12?r ﬁelg%Feé)arate the long

naturally separ ated. by the conponents of t
im0 tengthy byister cpdirsy 240bh 249¢le a Thetefore h eliesh orasstalky iy equiytdd at the

E%ﬁu@gwgacﬁrtﬁcf oﬁﬁ@s 202 ?Swgflﬁtﬂé'% 9‘(?233@ d%é%c&%stg\%en the long lay

separate t engt parrs
Tongth twitted phicy b40ba24(hhofr:uhe$sbla$ k20"sis nmicmaﬁbmhet cﬂi@tance (88) In

nfjl-oguration of the ca 20 homn ,

o e sl PT BR )  whefeh sahisuiel” pseaarmied by the
Aedmce 890d of the cables 120" is indicated by the
di stance . (S8). In Fig. 9C, the closest reference

FP&DIIZE]S 435. 9b $nb%s aRb@EL BlosE.akiBaal LA Gt Be W@E@gcent cables
the distance S8 . [00121] Fig. 9D shows anoth

é§% af.agether Bmorwl@rw ¢ lengthstafites nginulinadlyradjacant aables 120”. At
asfon 3061 : NIIY
oo NS P9 R 5 AR Bl e g e
&hﬁlmamla laEexgl dl%noﬂi hehd lolng tdy length e isedspaikd 406, 208 Bf each of the
abti f,OJ,,ZO ar orient
ca 2 remam stance 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".
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in the sane lateral direction. The long lay |ength

twi sted pairs 240b, . 240d of each of the cables 120"
stanced apart by the distance (S9), .

Mﬁf&lﬁbﬁ&zgﬁg the effects of alien crosstalk be'%é\]/\ﬁ@%mfwéwu

long lay length tw sted pairs 240b, 240d. Further, the

conponents of the cables 120", including the short |ay

|l ength twi sted pairs 240a, 240c of one of the cables

120" hel ps separate the long lay length twi sted pairs

240b, ®40d Capatitige FoddBaknt@0". In Fig. 9D, the

ig@%ﬁgt hee:f g%g%h tcggf)esg}t@ 423§ g{h Z) %g!:eadc gggc&%gl f?eslds about the
266thictdds 36041 Rhd tWHEH1H/sOBM034As frentiohed €
gal angé [00122] The prgﬁesnt cablses n1t20 cgdr?b?éellmal%h&we fields are

tveen 3a¢ rqupd the enguctars 300 of p@artisglad twistedpaBOR0. Further,
‘ﬁ{e éﬂ&ttdﬂﬁéiﬁgr‘%aﬁl{b%la%éﬁg betfiRe &09198&01%2_%&?85}1}8 ttwﬁéed pair 240

aclitive are orne tvveen an
nfdmheomglsecwlméd dropaithe owikiad paivi 3402d Ipahd caglitive fields of the

of capacitive bal ance bet ween
CHdRE 0 B o 0662 1B Pl prodSesil Y ieg ey ok @ be canceled
bhe Balurxe ietypidAl probiciy 1§1§Mrfntretﬂatﬁﬁé 'ala%@cr df tht B6nductors 300
Ca$810| tive fieldS of the “conductors

fepRp pesdiZq plethidiasedpatdee @rebymfm f A@I rdenttopextisarlier, the
1D 20 aMERL Blsted &%u s 3 @ﬁ’f‘& LR %’cal?trg%g:g%e%qg/ﬁﬁpalance

insuring that the anmet er e con

TG@ZBPS WA RES nitGifd othld ﬁnV\fhg 1r%si‘gllaQor8 g%& g&fj_%éhqﬁqppgg\éesﬁelds of

~uniform As neénti oned ear Ier,

ﬂw sandictpmi 3G0. 24‘(hy/wrtatenah iwfithirmos ipt@dndattato faa@dpbélhaé @ield of the
materi als ot her -

i ti n 0123] However,
ARG, 10, il 67 oversl Sapablenes, it Wi hreepp@insblance, o
dfe m:tdil&ect@:ﬁxdﬂ@tbﬂ@O@&xped\ﬂﬁo PRt GAdtE pabd 34U, NAO8hown in 4A, the
II?] conduct or s ?dfo

gtﬁ g@te toB\% capacitive field of t

FHeLtismpnme érae{!urnbelaﬁfd@?tﬁlaﬁ&eomwdmhemﬁm mpytskparately affect
- sahasididtudEcab@ s ot 43S

%&Puped Thiot h(Bepf? \?\AOés){:?a&%gf % 7 n%s%ﬁ%a%w%& FTS“S Creates two

erqnh gapagiigsices, 1 areafing m)IUuUdaIa:en ljli’ﬁmuntmﬂarmaﬁlﬁﬁblw tBe ability of
S r y_separ at el f ect
RSO APE R n & GBS0 e Sl inefrasea moise tevls
tamesmgdrqmuan az;ﬁ@e trbhsmaittigepaie 240. W hedinkf1800€ 320, the filler 200, the
g%c‘jéhanc ugj{n eat i n an unbal ance. This
.aHa yithinthe aﬂql? 29 ooy all pffect:the sepagitivgibalance of the

Bribrell Qasi€ | F40C AMEE Icalle | B SAUBE &SnfidBsHkd | .
i ncr e;psed noi se | evel's radiat ?ﬁ%ﬁ?‘?%#nt%ﬁ&g%%@matemls that help

TGS Y w@a]@apmgmctsm@rqusnmmauun@ﬂ& intdyeity of kerhigh-speed
he air within the cable 120
é%%méf‘%]ga?q‘ {‘(&{"’h 6@%“?‘\&{1% bal ance of the tw sted

pal s 260.1 the cbl 120 £an 8, Conty oured Lo 1 ncl ude

[0012_4] The cable 120 can minimize capacitive unbalance by using materials with

comsistent dielectric properties, such as consistent dielectric constants. The materials
used for the jacket 260, the filler 200, and the insulators 320 can be selected such- that
their dielectric constants are approximately the same or at least relatively close to each

other. Preferably, the jacket 260, the filler 200, and the insulators 320 should not vary
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m ni mi ze any unbal anci ng effects, thereby maintaining
the integrity of the high-speed data signals and
j ng . signal attenuation. 1. Consistent Di ric .. -
\JI\(}E gﬂ?\ sf [00124] The cable 120 can mnim ze }%ﬁﬁgm}“%“o“
capaci tive unbal ance by using materials wth
consistent dielectric properties, such as consistent
dielectric constants. The materials wused for the
jacket 260, the filler 200, and the insulators 320 can
Beydidl £etsin SHeftibd dimit.t Wehén dieemetiils f ekt ddHhfon8ht8 comprise
ag&kpxinately the same or at |least relatively close to )
trigst Wishin the it £apasitivembplaagets deced; Hhergby| magimizing noise

Onu . [ HON SJ; e va - .

B0 S5 P Rl i,
vglécaic¢ constantriof theViidar 200ethegbcket 26@, anfl thd@selator 320 are all within
conponent.s €O [ trics, wwthin the limt,

ise diele

ERRREIAIGHY O DA PY NGl G Eher eby maxi m 21 hg

o] attenyation to help maintain high-speed signal
i??fi]ég}i tNY 4 Z%nﬁ“@ﬁ‘ﬁ@d?“%rﬂ°§§1sﬁeﬁted’elﬁcg1°eEE°PFlélcs, the cable 120
GRRHLIREN caphicifi eurftlaldh6¢ b 2ABninkfiey HidSHEE maPBe tRREd bY Snaterials with
insulator 320 are all within approxinmately one
diffsrenitdi¢lectne penstants pefitivnedgigbely abuy QletBYist@Y pair 240, especially in

Llizi L i dielectric .
UALAE L8 Sl 308 BBl PhPUERL e aun st For
erixaplane eahicuki itwistedt paig2d ireduded avo maydueers 000 A Byst conductors
materials.with differeﬁt,d'el%ﬁié{c constants . .
P b5 BRREEPTGHI RRIEmp eR Jit Jacked FanEtie hepserendbogpductor is positioned

SR8 tb Yhd fMller@00S EBHRAESHS thetrANGRAuERRARI0t daY&itive fields may

i el ds generated by high-spéed data signals. For

‘@XpefiFnes mrpeaparigive fluengesirem theymoroaroxinsate jhekett260 than from the
. 300. faur s i .

SEBHELALS, 3R och LI oGO 20T Bl BRI HENSY e e

i2600pkesi by tegackepRoXi Amtagesudt, theeuniquel tiase 00 the conductors 300 do riot

Consequent t.he first conductor's .300. acitive
RRRRT B binde ol ind I S ERARUBRAL oP e AR PG oA Fregippatanced
tHuethBl b ek i spati e Hetidet the@blettfia Bohstii $1tBe jabR& D60 and the filler
proxi mate filler 200. The second conductor 300 ma

) _ _ 3 be .
rfPe™ B} HadegirgRly dpgesse| e rnbanset Hathe dyisetepain r: theshy causing
ASorfdl B&shdakion! e L1840 BAPRERmRe thb Biat AYHUE]RE 3.3k capacitive
do not ~ cancel each other out, and the capacrtive -
funbhlgacep by uhilizingmatesiglspeiily copaistent diclgeibia lcamstands for the insulator 320,

Fur ther., reager. di it \ t diel.ectri

5 LR 20, P ] e PR SRR RSB efp about e
Wodesitera 309 arbsteadealahded andhedultniaampioviel @ofseicaic@ilativdis falong the.
240, thereby causing _ .signal degradation. The cable
ﬂ?@%ﬁ%e%bﬁw}ﬁe?é’afwm%Caﬁ’lFflgaences, i.e., the

capacitive unbalance,” by utilizing materials with -
d@&lﬁ@t et sagmeesraladiments, é%/f—’slﬁ‘dfﬂt 369 may insduderng dnner jackg20d an outer

jacket with dissimilar dielectric properties. In some embodiments, a dielectric_ of the

2

(@

inner jacket, said filler 200, and said insulator 320 are all within approXimately one
dielectric constant (1) of each other. In some embodiments, a dielectric of the outer
jacket is not within approximately one dielectric constant of said insulator 320. In some

embodiments, there is n'o> material within a predefined dimension from the center of the
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the filler 200, and . the jacket 260. Consequently,

the capacitive fields about the conductors 300 are
wWshdeh4sBa anced and result in inproved noise o rcu04034034
cancel I ations along the, Ilength of each tmﬁsfed pair
within the cable 120. [00126] In sone enbodi nents, the
jacket 260 may include an inner jacket and an outer
jacket with dissimlar dielectric properties. In sone
enbodi nents, a dielectric of the inner jacket, said

fcbhdweor 2310, w&ﬂda gtfledtrionsdnsRnD tha Ariad encé lthanl ﬁﬂ'ﬂr&lmately plus or
approxi mately. one diel ect r| c.constant (1) of 'each

Rt onq delesiris eompignl i e digleginia emsianicofothe insslaut30. In some
j r

B et APl SRR 53 <&k 0RO 0821 nches 035
thme).e is no material within a predefined di nension

fromthe center of the -36 WD 2005/045854

PCT/ US2004/20340ir Miinithizatien 300 with a dielectric

3T oratcttin Bt Fop i andpt.oes O BlsoRl-crapelnt diferont han the

GG B200filled 200 MaeHAL 6 the F4ked 2605 HBabRMOVH 8 i Brate a balance
t he predeflned di mension is a radi us of approxi mately

of @?St“f‘ﬁé‘ll@%lr é@4@wera}hﬁpaczweﬂﬁlqlds\bmnmumm@ the DEARY pf air about
%?é:?\yﬁt%d §Ot ¥RieC %Jg!) trg%r Ar ch‘?ri)e regu%go, I{af%li;g denherwme .

const ant er ent t I nsul ator
MEEXENiZaalg thc IaIdaI’Dé tlpeaﬁlkeﬂ'tZOQdiﬁk, tht leable aD0.e Fd2ék agdple, as discussed above

faCI|lt t .a | ance f t twi st ed ir's 240 o

S S o8 51 8 SFoee the e Aiamions RaD b/ e er ghviders 400
andy BhindteasddneAt \éh@\i'xeﬁ'x F@l BAZ 402 filldreextenmignt 490 oPtH'e &Bfé 120 are
be reduced ({ enl arg or. ot herw se maxi m zi ng .t

sxeanded ioWard the dickan@op dp Mirecasaishe qm:se@mabmpé,me filler
Qﬁtegéﬁﬁé,l@gﬁd above - in relation to Fig. 4A, the area
of ‘'the filler extensions 420 and /or the filler

~ Qboni28er SPfr, VRN Bl QGJ\EQﬁ ?9. t.u‘ﬁ‘?‘to ﬁ' the 11191‘ ZO%Amcludmg the

the filler extensions 420 of e cab
dillen dividers 0Rragdithe Fqllawgcnsma 429, ica nmﬂtls:b ¢d@s shaped to fittingly

[ h |l er . extensi ons 42
S50 00 s PR o Bl Bl L8 P e cave 10
mitgre 4, caii@ reiilid.er In20e ieRtodithdies, the filfdr| 208 including the filler
di viders 4 3 Ee filler extensions 420, can
ieHentaRs é%‘gé% E‘Wab ¢ igders;40n gacjudes woiedgese shaped to house the
tWsBddSshiR 216 S Fafifer, ANBERREA %Qifemnzrélggoﬁ tbeF1§p@& e Fifler extensions

the cable 120 where air could resi
drb gaineluse Qt*maed‘ puteredg2d Gonfigoed do rfgtmgﬁye nﬁsstl with the jacket 260,

2%6&%5&3@3% gg%ﬁ B bedr the e LALARES 430 % 1He5akE P50 when the

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

[00129] The reduction in the voids of cable 120 selectively receiving a gas such as air
proximate to the twisted pair 240 helps minimize the materials with disparate dielectric

. constants. As a result, the unbalance of the twisted pair’'s 240 capacitive fields is -
minimized because biases toward uniquely positioned materials are prevented or at least
attenuated. The overall effect is a decrease in the effects of noise emitted from the

twisted pair 240. In some embodiments, the voids able to hold a gas such as air within
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tw sted pairs 240. Further, as discussed above in
relation to Fig. 4A the filler extensions 420 nmay

rved outer edges configured to fitti
%ggb(}é&ﬁsgyt he jacket 260, thereby displ aci ngpgiqf%ﬁ"élﬂim”
between the filler extensions 420 and the jacket 260
when the jacket 260 is snugly or tightly fitted '
around the filler extensions 420. [00129] The
reduction in the voids of cable 120 sel ectively
"RE efoté-Be:an@oges WENhE Twibted paf 4 RdIes [ 1€ thil 5! fletermined
pair 240 helps mnimze the materials wi th disparat
- AmAUBL o the cressrisetinnak areaf he buisied patrr?éomrb@ﬂ ﬁancreglom housing the
t [ IHARRE] ds I8 imze :
gg’%t eaértblf{aé\)sgjgj StB gl\%ae%j uni quéltlii/é% oneedvmd§ g??%ﬁ‘?less than the
greleprainedt echoont af theastoss-&tchemlahﬁd offhie o¥di@! 120. In some

ef fect % a, decrease.in the. effects of noise emtted
r“bbﬁﬁin??é‘ S ithy amegnthaf easdhin theseable Lofhéyiaseriha the sedetermined

Ve@ﬂdﬁﬁt 3! et Qolifled of tHES Sover I
i Rolfielof St 12800k [a Wrbihed dibalfd. ' some
¢mbopiananiy, thegdedsigrminedrmayibls teppdresas t han a

predeterm ned anount of the cross-sectional area of

t{AG130%: sBzehnptarilg thg #0ids an@ thetdogespogdiop aousi ofps gdsauch as air within

LS8 28 [y 40,k RGBT B 800 ol oo

q:{erfbhmm:e 0The ﬁ&!lédtﬁmaiboaf fa tefstedRire 200 Qrel2@de kibrs %H%mtent As
odi pents, the agunt ‘of gas within the cable 120 is
I 5cussph ADOY fre s SIS TSR dhe ARiSE rAmiged ¢ fsamy Bley pesiefl pairs 240.

tdas&abhiey, 1RO QBRE BOPLE IS P %gledfosﬁ&ﬂi:ﬁel lt.rt]a.rrcs% - high-speed data
enbodi ments, the predeternined anount {en per

_ [stemalso] By | | mting the vaids and the correspondl ng

~anmpbunt of a gas such as air within the cable 120 to

I[8Q131] haFist HE phravte e FipsHenttiomad uyiew Dhemcaisﬂmpltzaf hasalternative
[ c T dj I,.et ! bout .t "

o PP LA, TR e I L gL D BRPY o 480K 260" even more
d@dwsed aatpondethe ttvisedh pips 242 dWhe chible 120i"s@luetattd B8Rt the jacket .

o8 8 S e SROBRE e ol L0411 PP EHTSRH 41 RTogh Sopissitions tha
telpPmingh e #eSvoiddbiblrefainth gabQuehaVigr @1&5Q§§cﬁﬂ’&ii@ nal

view of an exanple of an alternative enbodi ment of ‘a

cabl e f{,20" tmp Iﬂ@n&qmlﬁ,rggg;" of Fig. 10 shows a jacket
260"' even nore ht | itted around the tw sted

1991321 2 4Bhe fHQECt@albllﬂeth&ZUlDunﬁ ofj ajx wiithinethetdahle 12{bas discussed above
k ATehey ble. 1204
(R0 eips maifiy ey o AR Hehad By RAR Sk e impedance

rvariations ealpinge theolldngt}abif ethe ccablet aﬁzm aSafficallgh tids cailé 120 can be

Vc\:'lot Uure& such%ﬁ‘g its components are generally fixed in position. within the jacket 260.

The components within the jacket 260 can be generally fixed by reducing the amount of
air within the jacket 260 in any of the ways discussed above. Specifically, the twisted
pairs 240 can be generally fixed in position with respect to one another. In some
embodiments, the jacket 260 fits over the twisted pairs 240 in such a manner that it fixes
the twisted ﬁairs 240 in position. Typically, a compression fit is used, although it is not

reciuired. In other embodiments, a further material such as an adhesive may be used. In
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IL I npedance Uniformty [00132] The reduction in the
amount of air within the cable 120 as di scussed above

helps maintain the integrity of -propagat | ..
@3@3@?"@5 m nim zing the inpedance variati o!'ﬁgg%ﬁ%’ﬁa"“"“
the length of the cable 120. Specifically, the cable
120 can be configured such that its conponents are
generally fixed in position- within the jacket 260.
The conponents within the jacket 260 can be generally
fyiek ethebgmbatimentsght fidlemafLintconfigured fo hulp BedkriiRerik fek@hsted pairs

i n_any of _the ways di scussed above. Specifically,
fzgi@ M%S%&- Py some ?fﬂ&%ff]e OgiBIFaIsalthey compentntsnof the cable 120,
. A8dLdihe hewividted $5R 2D, 401 i iti
embodi rent s, t hlg&%j@acket Zggﬁft??gug%?uérﬂgﬁ?vgﬁ&g?%éo one another,
001331 24%hd By . ' ' . he twisted . . |
ROBLE 10 B0 o RRE il LBl B e
uspedangg varatighs.i fsidiscngstd abevgy amechange imthedhysical characteristics or

' s,..a furth terial sych as an adhesive
seRedl R lheoReh UL Bio TILE Bsalibnytmmobranions varision
WBrcank e @bloUR0TRE: Sncltde fixkd |1ﬁ1"y_si3;90at:l2r§)6ﬁé§[‘fti1€9 WeRd 1B can be
on.

help%ﬁgn rally fix the twisted pairs 2 In positi

|TRATY e<§ ce-dieted evierd. wthogt intraduciegpigmibingrs impedanee deviations
GaB! e L20e 120N | b St i 240, ar .
firmy fi ield_bi ﬁmﬁggﬂ’% 2%7@ \?V%,st/vﬁg rhgg%@gt&tﬁl%e% ﬁ’éteraﬁcehﬂﬁ &en jacketed

- [MotwgBintRekcipabiazatip@s itnpedaavé nigvikiiones iptlybing adluring manufacture,

ctarisihes. 1S able.to mnimz i dance

SERRG A iy, e Bss Assoidingly, 1. rehlE s engieof the cable 120
[hyy be chdnged aftercit b Isdeh Gacketed. 1R kéthé @RBo@imehRe tHe .hzlgi@ﬂ distances

ajrs 240 is |ikel éo result in an unwanted i npedance _
Paiviesp fentwistag pairs &40 K6 teagatie 120 de et Chetasdmof tha predefined
RAMSHG 8lendstthd &AbIEE20 i |t isdeO- ; '
mani pul ated, e.g., hoellts :Egléﬁﬂg t?ﬁ%ﬁ é&?&\%ﬁ? ﬁ‘gﬁglmems’ the predefined
iWEUﬁéPH@m&a{Png)ioéaﬁﬂh%@p%ﬁ@mé deviations into the

cabl e 120. The cable 120 can' be helically tw sted
A9ISA] i  Theazenprallys lpckett physical whamderisticaiof dittucibieg120 help to reduce

' 2viations,. . including duri _
AREALAO Sud PPGHRN RO X AR st o eHe b ot ot any poiae
AE topatiang! wariatidrealoapihe dably 126N Thbs, de ddb8: LA oAfiERAtions facilitate

an be cha %?f? after it has g,{e' n jacketed. In sone.
ISR STioieh prpastians af Biehrietad ot gealnbY menimizing changes
tovhe iphdsiga chaadéistes of e caAdh 0 dwPidRendff change nore -

than a predefined anount, even as the cable 120 is

136! | Barthvt, AR ald Wi ' r edef i ned
-g\l(m)un{i i's appr oas%r?tlaét 2?“3 %%%g%@%&@g%génﬁ%%ﬁ%q Propertics are used
Ebot 34 comeactgesnillalol help oikipdzepinysiaat vatiati@st@ver tei l6Scth of the

St 190030 B by oL Bt S s B ST e v
entidne tigydexadtingYpRivetunbalance of the twisted pair 240. The use of consistent
~ dielectric materials reduces any capacitive biases within the twisted pairs 24.
Consequently, any physical variation will enhance only minimized capacitive biases.
Therefore, by using materials with consistent dielectrics pfoximate to the conductors 300,

the effects of any physical variation in the cable 120 are minimized.
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)

of inpedance variation along the cable 120. Thus, the
cable 120 configurations facilitate the accurate and

voh hioshRBLs Propagations of high-speed data sigp /ﬁsg}ﬁ/ 34034
m nim zing changes to the physical characteristics ot

" the cable 120 over its length. [00135] Further,

materials with beneficial and consistent dielectric

“properties are used about the conductors 300 to help

m ni m ze i npedance variations over the length of the

cabl e 1120. @able Lay LahgthrLintitapfonsi cal attributes of the

cable 120 over its length will enhance any existing
qepEsH]t | VEheUpRRadransBle®f120neart Wk SERighR" to2 HAuce! Bfed! $osstalk by
of consistent dielectric materials reduces any

dBipimizing,/ ke mcgeeances oh pﬁauﬂecrpwcmee@om bqwgen adjacent cables 120.

| %@ﬁfeﬂﬂ | Xbov@ntﬁargﬁéisdrgﬁlov&arpﬁxﬁ'ﬂ B&v&éﬁe P\aaaﬁnﬁe ars 2¥1O of the

m nimzed capacitive biase erefrore,
regljagentadablesi 1280 a0 asngﬂﬁmht mburd:eeaf ahﬂScrpEs@aik fmh%htsgeédh@ata rates.
nductg%s 300 g effects any @E%Flcal variation
B‘P‘E‘Sldfﬁu at & Hhieh ‘i‘ﬁS'z“ScPanS 380 \igiha densicelsossimilar lay lengths

Red 228 40 0sidR 3thek:  €albhia
[oofg% The Pr esent cablkﬁélslﬂf% téﬁ@b@etg{?# S%Jérrgfgﬁ?ts between the

raélmé@ eAblesnl1 2% 3B cahlrs BYO lerhfm\wmg Ettm;ssomla,rr UElv‘m‘e‘sarymg lay
?élzéﬂ?sr aév'h@x'\ t &%fse % hgﬁéaﬂg s]?e eenla% gé f% It\ﬁ{S@% pairs 240

| one bove Cro _
tee¢ wlemnged laecdrdimg 30 etk pasting o’zf4tﬁe ehbltheo. alcheﬁmet the &Bja@ént cables

920 phE ABhely’ DATER of e aeral Oyl o8 o dureths in oxder t

Whifferen@dte thei 18§ RegiBaof the 24 {tadl galksinde %&f bbbt BE c§dléE' 126ffrom the lay
| .ay Iengths are aq%wfent to each other. To mn

tlﬁ’&gﬂb%a‘?f hg wristed paiss H\Veof adigsant sales 1den t he - adj acent
cables 120, the cables 120 can be tw sted at
dPRLI7 | Ber exremmde, Ezar Yinghovay an [ealggadscrossreptiarial visab b adjacent

]::%Qlcé 3268/ Ac%&ld §tt}ﬁg%eﬂuﬁ iyt l)feglgtd?&etngol% h;ﬁ‘ae adjacent cables

tw sted pairs are ang accor
t W0 slt sln:gvrofn f"@ 1¢ Abinelud® the ﬂWletBéfpane 240ah €2480) 240eNP40d, and each
ssim | ar

be h I | | t
gt\%slrtea Pal %ﬁ) g\rflﬁ%%p dgl Ifigﬁraii%/f nla%(jﬁgltah glssummo that neither of the
ciablee 12001 isho®n ihBigl ayA |h§:ﬂ§§dﬁ%u5fecl‘éb@o Vo SdrRt hEiRal t%m%ﬂ% the lay.
_qf one of the cables 120 fromthe | a | engths of th

t!Grehself thaityistes myiry 240 af Hedie cahlss d20dme tf{e@@mnwhm the cables
ePQ@fﬁplal% péidioned 14y a%@ﬁ’c"\ﬁ) ik Qﬁgtﬂérg?gfaglgpéi% ssgfe}% epootlrﬁL Mpuld exist

vi ew of adjacent “cables 120-1 ac |ng
diebvrtn rthe coméspoiding twistad | ipains 24 ef & @b&sﬂ?@abbgs the twisted paxrs

RS Y AT S —

ekt of adlieh rorédsaallc Bataded theezﬁbleamzbem %&&cm{ﬁ% Th9at18@120-1 are

neit her, of the
susceptible to nesting,.

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

respective twisted pairs 240 are changed to resultant lay lengths.
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cabl es 120-1 shown in Fig. 11A has been subjected to

an overall helical twisting, the lay. Ilengths of the
wobgbeskspai rs 240 of the two cables 120-1 arep&P®sa004/034034
same. \Wen the cables 120-1.are positioned adjacent .

to one another, parallel cross-over points would exist

bet ween the corresponding tw sted pairs 240 of the

cables 120-1, e.g., the twisted pairs 240d of each of
the cables 120-1. The parallel tw sted pairs 240

U00EI]r aBby cxemiydedégt B shefvfseai enlafgedictads-seotioaft Ak of the cables

1205l FLL EfeiBribere b BBien 3t ilfsnnse) b wvieies. One of the

tth@sté@&aﬂl&nm(ﬁf iOhow P&er&éﬁsﬁe&tthé’ Rathiwiispad vﬂﬁler the %ﬁger Qﬁssumla.rly

the cables 120- 1 can be nmade dissinmlar fromea
dwigied eablesnl2Q:t dsBow aefeirerhig asp&nerrtabhl biyl'a ﬂi‘hede}ﬂe 1201’ and the

" e di f f )
GBI} b8 SRR RRAR) By R ABRIH OB BT, o aiorn
]rBﬁrlthnt Iah Qe cﬁ’Sthé;Zﬂ:sﬂedﬁeé owitedifaire 20t ThakebitN20-1 includes the
initi % s of their respective tw sted pa|r§”
st éﬁéae-d ®'.r296) 4R (calequrlyt Hie twigpd\gairs 240™), which
2(%/15@&1 41558540 Pg{ulﬂl?‘m%e@ﬁflﬁ?"}a ﬁeglggkég] The (:alﬁé("jl%llet lﬂcludes the

B shows an enl arg ed cross ctional view of
dmt@ispdllb%i)i" Gf0F, @‘*OCI' 34kdafaqodlectively thatrastoé pairs 240"} with their

i SRR Et th.ogeﬁglwl B g'saso'tnEeof:aLIhg
]1581{“]. o Mt et & Bt A7t bR ohe FapidsalyDyf Sonsitcfutiber explained

agbivay b2 GruineriafidexahpiesC dla| wmk2E8nBodiRe s NGW ad]]usted or resultant, lay
glfferen@lated by their different cabl | ay Tengths

festhhet Ffthe%tf‘é‘n?aﬂs 240 measpred)in ynghes gnas be ApRreimately obtained by
r88 pQIvi kP
Aol udeSH$ f&rmu?éw%gxtegg‘ I pge?prgésggnts -{lh@oﬁ%gl(i)lgcw]&&i %mr 240 lay length, and
24 aepregentsi theeable by yenstine twi sted pairs 240"'), which
twi sted pairs 240" include their resultant |ay
| engths. The cable 120-1" lnml udes the tvvi sted pairs
240a" 240b 240c", 240d* (coldegiively "the tw sted
palrs 240"") with their differeht-resul tant | ay
| engt hs. [00140] The effects o{’tﬁe overall tw sting
quontnq c akkgfe $haba %IQEUI‘ tRecabis 11261 BXRidad B Awiddd Y&Y 240a with a

nunerical exanples. In sone enbodi ments, the
dapdrdined, lasbkengtésqﬁ 10:¥hipches zﬁ/ 62 jmesm tthes twisted [pair 240e Wit a predefined

) gg%' fiche 3149%0 E@ﬁﬁﬂés?@l()llow u esthE@( p%\?\ﬁﬁ@tg) b I.a preget%ed lay length

al ned or nu ere
r afjf: ¥imohes (w &0 oam)y amrhﬂhetws&ﬂ@dxrmod “214101 pragefined @iyength of 0.60

amghes (|I5 24 en%n?sffné]g fltrptecaglebIZS 11s twwtc?é3 at an over;}ll cable lay length of

4.00 inches to become the cable 120-1', the predefined lay lengths of the twisted pairs
240 are tightened as follows: the resultant lay length of the twisted pair 240a’ becomes

approximately 0.279 inches (7.087 mm), the resultant lay length of the twisted pair 240c’
becomes approximately 0.364 inches. (9.246), the resultant lay length of the twisted pair
240b’ becomes approximately 0.444 inches (11.278 mm), and the resultant lay length of
the twisted pair 240d' becomes approximately 0.522 inches (13.259 mm).
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L 12 12 -+- L | [00141] Assume that a first of the

cabl es 120-1 includes the twi sted pair 240a with a

W eslshisaed lay Iength of 0.30 inches (7.62

?\?\n st@dﬂpal r 240c with a predefined lay |engt ETIUS%WO‘W“
0.40 inches (10.16 mm, the twisted pair 240b with a
predefined lay length of 0.50 inches (12.70 nm, and

the twisted pair 240d with a predefined lay |ength. of
0.60 inches (15.24 mm. If the first cable 120-1 is

tw sted atlan ONBnmhlhm((éliﬁleLhﬁWai‘ﬂtlghh of 4.00 inches

o1 A2E° e o S Ples 13050t & e BTGRP £n #7118 Gon be tvisted

tdhdo bﬂﬁcﬂpﬂanh@:ﬁl ANBésinir b Rnlits SARIhE YakiaRAP
becoirirlgz appr oxi mgltel ySO 279 ?nélgmk (7.087 nﬁ), Btheen their lay

leagis tcaptbe) bpiteds Mathin Gertain cangmp §p cwdesdprminimize wecm:mences of
esul L ant

PRRIEHTE 1l SR Bl 9GPt bl o

aqhmhdhtb fiest edbje R044 & Gwistbbat (14 1e2g® af )00 iaclkst(D@1.6 mm) to become

e —
#0068/ 04551 BQIB/ SR 8043 93du
varij at i on [§)014§I The adj, acentntggowg?dl%igh&gﬁgﬁ6% 59 that the
raplitas laydengths of ifs tyistad pairs4R” re nohiostadese to daconing pelralle‘ to the
Wi@teﬁ?ﬁl o oBtheda$ 'ﬁo'f‘ lay | engths, and the
ay

vari a etween their | engths can be limted
{ .
(808P FBL LR S0 SBde B0k B LG 11 o s i o

byt leegth of B@Oaad:iiee$7d.2&nmb (18] bét!brr&)(tﬁﬁph‘tﬂe akzoxae IAQt a MDO(iHch (76.2
| eng

o bl BB ot Bt ig0n o estling 1ehlongtha o the cablggs 120-1

. BwikRE @ﬁirs BofRGhe ﬂhjcﬁv1ﬂ-g?Q}ﬂ-73qaéhe§ 6.0 &n®ProRtheArwisted palr 240a",
8{1333 ver all 1ay that varies at | east

(SSORIED fothe wstps*q Bﬁé §4Q°io(142$ ehess@08AA) for Hhe twisted
b&s Qh@)@’mamﬁ 8%00 SRHDR127 nhihp fc;rvq]ec' Fv?igteﬁ?afrszﬁ)ﬁo G fter variations

not too close to becom ng paral tw ste
befivesn 240 calje lahdenghid ef adi@eent Capk@@lme]l ,F020-8% aaqmlltem increased

oS0 N 11A can ,
HARLABGRNI i Bo WEDIDeROR S Qehiboning p58Rs st pir 200,
R4@0ofahd dublesaR04’,120-11'. At a 3.00 inch (76.2 nmm

~cable lay length for the cable 120-1", the resul tant

(60144 e nAdesrdafely,NBe aajabent Satie01 201 sﬁd’WﬂS Irﬁ‘FlgPﬂASshould be twisted
becaone the followi ng: 0.273 inches (6.934 mm for the
AN T aégalprpgtl'@l@lgt are not too similar to eac other’s average cable lay lengths

along at least a predefined distance, such as a ten meter cable 120 section. By having

cable lay lengths that vary at least by a minimum varjation, the corresponding twisted
pairs 240 are configured to be non-parallel or to not come within a certain range of
becoming parallel. As a result, alien crosstalk between the cables 120 is minimized
because the corresponding twisted pairs 240 have dissimilar resultant lay lengths, while
the corresponding twisted pairs 240 are maintained to not be too close to a parallel lay
situation. In some embodiments, the cable lay lengths of the adjacent cables 120 vary no

less than a predetermined amount of one another. In some embodiments, the adjacent
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0.353 inches (8.966 mm for the tw sted pair 240c",

0.429 inches (10.897) for the twisted pair 240b", and
Lehes (12.7 nmm) for the twisted pair 2

\Qoggﬁgiﬂsgrlatlons between the cable |ay |en§?ﬂ@5%w”““““

adj acent cables 120-1', 120-1" result in increased

dissimlarity between the | ay | engths of the

correspondi ng respective twi sted pairs 240", 240" of

the cables 120-1', 120-1". [00144] Accordingly, the .

ashlec 20 hmbﬂnﬂﬁndlﬁt@cébls hw&ngﬂhs Ftha vﬁ:}llﬁosleﬁuﬂhgn REe predetermined

tMASteg Enlﬂue lay |l engths that are not too

amRpt °1Poeaé Bt héveragsn fiktivigual clay| lengthycalarajedi along at least a

el t 3 t o .l
B e L AL S in e In Bl Appociments,
'tltﬁ:apredetpymacd | szt Gy a@pmxnmam}m phlSl at inmnys tére percent. In some

st ai.rs 24Q a configured to be
- %181%5 1(1'%? %Beldmﬁ%edﬁcgfta Cgﬁ%"mr?’ﬂtnﬁteiy LR range of
becontng par al | . alien crosstal k
bet ween t h& cab “E‘é'ﬁ‘a?%ﬁﬁtlﬂﬂymaf@d‘onbecause t he
(01 48)s p Aheiadpcénticables 1 TRishich R4Re Bdi& BioSBi 8¢ shown in Fig. 11B,
resultant lay | engths, while the correspondlng

£40 & < lﬁ’é‘iel‘iéo mipimizealis Gessialicbly having tnigee cdde balyde@ths that do

hé @I}Dﬁé}%hh %|CCh§1¥1 m 1153Eﬁ1t \hgﬁu%rle 21t3§ glgﬁ 19%?‘%%&%3%@ between the lay

cable lay lengths o
leagths of ahe @JWUQ&@%MZ@@U Mﬁam’htthc)homnexreupohcﬂiag resbectlve twisted

BRI GBS 370 P S B e syAed Bre Pl e 120-1"ane

tmytwllsmftglbdmsMGalatof\tl&r yabf012B 8 atdpRvéried ﬁbﬁldﬁécefnmmgﬁrommately
t .fromeac ther' s average i ndividual lay leng

F@‘{]i 3p aHen Mg §F %eRlgdey %anghipR disnt peyents teanddtant lay lenoth of

ﬂﬁﬂ%ﬁéd Yail 0BGt sEindalabl £t @’nﬂblﬁ%e%gﬁﬁﬂc’o{ibpreﬂm%%w equal to the

enbodi nents, the predeterm ned anoun
Esplank il Bnieapis ff the ¢ablgi 120s!’ tté/rstq@epmmoal”n 24@hfe 240c”. The lay

RERA Infifiions ohil' e BbMARRORT 1S SLRYE Il PuBRRLEKIIB fenetns of
thgj cable rit20déb¢h@$ né 2fhre haplona®f tl'hbetmsaéﬂ par 280)-1ay lenkd-of the cable

can d to mnpimze
37 Eh ety kPR oG bertifinel iy of ivgehies 120-11, 120-
that do not vary beyond a certain maxi num vari ation.
By limting the variation between the lay |engths of

[0va46ld] amenttheRmit@n Md@mim caBiBaylvariatiBe keeps t%e djacent cables” 120
non- corres ondlngﬁgespectlve twi'sted pal % F %
Hglyidial {wigteq: pair) 24§ lpy lengths fromparying scpcemuplau df BAObF thefadjacent

E:hﬁescﬁelvger& %Qistled t%‘g%htfah%ﬂ#e%t Hhd %Et thAéOo anoIher cfble 120, then

cable 120-1", are r om beconi

acpxpccnrmsmndm&/ twpmchlpaa‘s 241(01 oft hbe wdjacdst daBEsC&@(b embkY become
vari atlop gh a&l enﬂi g resultant |lay | ength of
- approximately paralle], would un esuably increase the effects of alien crosstalk

between the adjacent cables 120.

[00147] In the example given above in which the cable 120-1' included an overall
cable lay length of 4.00 inches (101.6 mm), the cable 120-1" would be twisted too tightly
if it were helically twisted at a cable lay length‘of approximately 1.71 inches (43.434
mm). Ata 1.71 inch (43.434 mm) lay leﬁgth, the resultant lay lengths of the cable’s 120-
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the twi sted pair 240d" of the cable 120-1" from
becom ng approxi mately equal to the resultant |ay
of the cable 120-1' twi sted pairs 2408/ ,
W@M)%/,%SZSA:‘OC The lay length [imtations Can?gg/uszmumuou
configured so that each of the twi sted pair 240" |ay
| engths of the cable 120-1" equal no nore than one of
the twisted pair 240" lay |lengths. of the cable
120- 1" at any cross-sectional point along the
I am gmtsued iphidd 240¢a@ecorhe thedoll@bings0. lii)mﬂ;hes (6497 mm}for the twisted pair
Thus, the limt _on maxi num cabl e I% variation

QA A2 e 20 ) £ BRisteq i ka0 2Bttt (7,390 mm) for
| f f_. )
Pae’ tvA&Ed é%%& bgcgngt hid 200 ¥ahyd PP 380 ik o??ri. ghﬁt ﬁv;ls‘te&’ pair 240d".

t he adj ac [es 120 were tw sted t
c ddpaughdtht gables IZQ-EI 120a1"ecm'fesmrmhrt§1rw1stealph1ﬁ 2.41@,, 24(aidw have a

Q%F%orr ondltB%{ Bl S@P%?[F%é@@“yt?‘f the 3\%&%‘& 120-1" was

weuik®@d unsles luroabé mﬁmﬁfrgasaﬁxetdifeheeﬁcfne@dzﬁslsﬁndﬂ{d twﬂsted airs 240’, 240"
crosstal k between the adjacent cables 120. 10014 7ﬁ) I'n

t Rbthecahiss d 287 ksek20ab chave ibscqne apprekianatell iparallely- This increases alien

'( %EHQE%%%GH\I;(E& g%ﬂste&?gllo,elleay %%g{gﬂa%tﬁ pegulitzglg rl1a%rs’lemgth of the

t caffie’s 2041 twistadepair REOY @ppioximatelyteadalattha resabhet lh@yength of the
| engt,h ARproxi ma , 1.71 inches (43.434 nmm. At a
%esr%géfl ﬁ\% tz?é %%?Way length, the resultant |ay
.2005/ 045854
PW@OS&F&%%B efebl?%fﬁ)t “183% V*\gh?ib“ tWEeheh thig their individual

f ekisOvAterd do Onot SEnukd) ¢ie Swised 417a?rs nao fb@fwe%ﬁ‘ Q.h& WiaBfe8H 20 to become
pair 240a", 0.324 inches (8.230 mm for the twste

paprrroameely peraigly Thig Fﬁe%SPQC?alibQUHHﬁﬁan‘f when pyesall witde day lengths are

aau crea i ase (& f a €l con ons cou

{J% gt% pal r&ﬁ%oéﬁ éé%A?mggﬁ&}%neg% g%ﬁlm d %rz%tr%ﬁ dit id

112@6\11*16@@? paBpDRId wgmn\mesrtaegie Fat exanple)’ the bl 120dwy heangths may be
ngtreg% Fa%aé/s?{'n vﬁ ﬁ!é&g gl%%l trwiégé ﬁeluif- BXG lay q%(agél{sqg t%cyond certain

an t he

3I€30]tm ddyelsngtb'f Gondaniks. Bpmeistfig tHeeables 12@6ﬁ]§3’ﬂﬂﬂlﬁj btﬂ&m ranges of
t airs 240', 240". of the cables 120-1'
& T BRGSO o mep eI Ayt arars DS fir ehleal 0 should not

a'bé&ﬁ’ne SiRsaintcky bahnae nI‘He'PﬁoFeal?Aeea?dﬁc%Qf gablesliz’jb' 3361 be conflgured

Specifically, the resultant lay |ength of
1S¢chithatithg seswlians dayrlenstippl ongopfrt &Nﬁ&ﬁélp@rteafi:(bctcslatsma more than one

r b twi st ed
LSt i Y € DN lereli® of SR pReP et 120, G Gliple. only the
beotespomdihg ywikiet piatrsl 2401 chthe lvables D40 shouldlewr Gd®e parallel lay lengths.

In some embodiments, the twisted pair 240d of one of the adjacent cables 120 will not

become parallel to the twisted pairs 240a, 24b, and 240c of another of the adjacent cables
120. |

[00149] In some embodiments, the maximum variation boundaries for the cable lay
length of the cables 120 is established according to maximum variation boundaries for
each of the twisted pairs 240 of the cables 120. For example, assume a first cable 120

includes the twisted pairs 240a, 240b, 240c, 240d with the following lay lengths: 0.30
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twi st rates do not cause the twi sted pairs 240 bet ween
the cables 120 to becone approximately parallel. This

wE 203R8Gkal |y inportant when overall cable |ay “g%@%i‘/ﬁsm
are gradually increased or decreased wthin. ? €

ranges specified, as parallel conditions could be

evident at sone point within the range. For exanpl e,

the cable 120 lay lengths may be Ilimted to ranges

that do not cause their tw sted pair 240 lay |engths

tinchge (héY amm)foetheaimsted paiv266mt0.5Cinchan@ly ReY R kieStvisted pair

ot A, tn3feq (17 25 3 Efor 0t ais AR A9 Ou0uPekeosap 6 mun for
MOt wiktel I”jﬁlrcﬁf@degfki’ez@vlﬁﬁ%él &k m@tfustb&%moa Lyl lﬂﬁft@d ¥y certain

paral l el . Therefore, the adjacent cables 1 can

mmgmrwatl@m bpundazies fordhe iﬂydbmam of thy tivistegt paisf 240nef the cable
the twisted pairs 240 equals no nore than one

resultant tw sted pair 240 |ay Iength of the other

12 Eor anpl e t he ondi
, ﬁ@u‘ﬂsﬁ% L o ?)%anﬂ) IBfSOfTH’ee h%‘f‘g’?“éﬂ ]{%jg \fgrthﬁafvét cable 120
phowl ik chay thengf Regth b HROREsE | 7908t 18, bd R8s than 0.81 inches
mg_}ed p)al r 240d of one of the adjacent cables 120

beteotivenlisal lay leneth of ﬂﬁ’et“tlwckpféﬁ%t% shoufie become less
244 0.81 %c%éQ@sQf%é}ﬂﬁS hefe Qésuh!ﬂrﬁ Q}dle;ﬂ(gtﬁrgf tﬁéamug%d 6’%12 %a0c should

[00149] In sone enbodi nents nmum vari a
ot bgeame dest dhany A1 aathe@ (1ay+14 | remyt By fintitieg ceblaysled@fs of the

h ng.to .maxi num yari ati on
iR A SDER S SRR L0 ST ¥R RS ngnaing gisted pair
@ablafshd Adjacdndy pexlaamdecab&fssmeshaulw 1% becdiad h%)ranziﬁnatel parallel.
cl udes_t sted pairs 240a, _ 240b, 240c, 240 %1
(T b e s oF i frasetal o i s ea s 204
&T{S 20 4/ 034034 i nches (b; mm for- the tw sted
pA515 4 oThusg theycabliesn L0 can Préfl tprhave \gableelty plangths within

2 0]
nggébin ngaugﬁ)uoﬂl ggéf' ?%éﬁ%ﬁn Fgumeg Spécﬁﬁ:aﬂ%/‘”t]éé tgé\klés%afe srgxould each be

SWitEd Wisain a,ipsge howndedoby @ maniiume yariasioh @nd 20nmmumevanat10n The

b
(RS koG bl T EHD MR AL A BRHOCRLER S0 20 o e
Itablss 120 ﬁﬁﬁ] bd-fng a@raxmia&:,ly pﬂraﬂﬂrréﬂﬁribﬂdmﬁﬂﬂﬁz&xaubﬂ @oﬁnﬁM.ry helps
V% Q of gheofl rst.cab t%ﬁ h&j d not cause
|P5§/ e N5t ROBF %"Boﬁ%’cstt&? pairsy Ay of dh%éaPléﬁslzph%mm becoming
&bxhﬁ&&l?éparﬂ%@ t§ EAcHBther Thﬁréb?sﬂéhﬁérm tﬂea¥ff!:c§£‘ Q)'f hahglfl crosstalk

e twi sted pair 240b shoul d nof becone |ess
_ CMGGP leg180.494 nm). The resultant |ay Iength of
the twisted pair 240c should not becone |ess than
0. 41 inche$. (10Randomfablgfwistni ting the | ay | engths

%01@2? As discussed above, the cable 120 can be randomly or non-randomly twisted
along at least the predefined length. Not only doe.s this encourage distance maximization
between adjacent cables 120, it helps ensure that adjacently posmoned cables 120 do not
have twisted pairs 240 that are parallel to one another. At the least, the varying cable lay
length of the cable 120 helps minimize the instances of parallel twisted pairs 240.
Preferably, the cable lay length of the cable 120 varies over at least the predefined length,
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i ndi vidual twi sted pairs 240 to certain unique ranges,
the non-corresponding twi sted pairs 240 of the
v bAsMssy positioned cables 120 shoul d not bE PRR2004/034034
approximately parallel. Consequently, the effeéects ot
alien crosstalk are limted between the cables 120.
[ 00151] Thus, the cables 120 can be configured to have
cable lay lengths within certain m ninumand maxi mum
boundaries. Specifically, the cables 120 shoul d each

behild Yengdireiflg Withir theami-angm mﬂﬂ&ﬂmhﬁulﬂ dibl 1Y Wariation boundaries
\/g“ ation and a mexi mum variation. The i ni mum

?q“éiepého‘ﬁfoundary hel ps prevent the corresponding
twi sted pairs 240 of the cables 120 from bei ng
E{BB:FWI n&b@l“y’\bbal%ﬂ lcen . beT heliasHy | tytigred it i atcootinususlydmcseasing or
5 r

BBl E gl T e o NP SRkl ST, e pi e cither
ﬂ?nailuhcaﬂslyt mcneasbldl o;t doatinudulkyr dﬂgmaﬁ&kg?mﬁr nfe phrieghée Féaﬁth such that
of, allen crossta et the cables 120. 3. Random

et areEb Rt Ru8h oRCAIFC It SothedBiNe! PAs2A0nis paRB into two
CoaB-sBeticnaNEAMhE Ab-sBattmE and
| east. t he predefined | engt hgaaﬁ%?&gﬁnﬁ&ggtegl Qﬁkgm%ther then at any
Iy adiecencytianie spbtegtionstthe nlosebétvwe@d A 240chot each of the sub-

&S a acent 0Si ti
Etf es hjldgé)dl g}eﬁg?‘l ) E @Hssmﬁéi’ gtc%saaiqlr s 240 %ﬁﬁEY eﬁsruémc’ Tt loses:
gwmdcd phirst 4obawaeo tdjecent Ahbleh #20 kast diffehent &y delgg]s i.e., are not

cabI]% lay length of the cable 120 hel ps m nim ze t he
hces of parallel tw sted pairs 240. Preferably,

t | | t f th ble 120 t
HELEAR, SR e Frle 4 26 angeoss S Gverdl sugsnpassmmonal twist rate is
Fﬁh&ﬁ&ﬁ%@ﬁﬁ%ﬁ tvMﬁéd Baif LR B G ;‘Mrﬁalr%% é(ﬁﬁt B4 i Bredefined

and the_m ni mum cab | ay variation bou I es _
df:%%%rss%%}”%b\}@cat[sec&qsg}mqihl@y dentie isl 2(faetan ib¢he equation discussed

hebigahd )éhatn‘é’le 91{'0?151 ! mﬂla@q’ 1eRBRUS ! tHe 'r&%h%?sl'?n%r‘%h of each of the

continuously decreasing |ay |8ngth so t
Ité'ﬂﬁg‘t%@lréf%i)msﬂ boiskghely qgfienest aﬁlg les}bh&srtwomdjabemu@blsd ¥20 that are

PR e SRR g ﬁc&ﬁ?ﬁe?hivﬁﬁ cdef i ned

I of. C 3120 r fhe tw st airs 24

_s@ggér teglt’l 2? dgﬁ% Gt Frion Ointgp 13tHates ?15%6? itRsngable 120
adceorlingi tb ioge eﬂxbaﬁih&ﬁﬁ MThd Ror@dgtaBRAs APresehISMeRth JP Yhe cable 120,
poi nt gf adj acency for the sub-sections, the closes

ts\ﬁp%r?té %tglgre@ﬁge dmgths e nlhsr vertical qxig regl@@qqtsoﬂg ttg]myss of overall
SabermnSol ol RS L2 GEURESe ), SSEARE) els cver
adjtaidengtic 641 of shel &bl R0, pdifédislyever theypredafigbd fengih. €At the end of
hE certam length (lv), the twist rate qulckly returns to a looser twist rate and
continuously increases for at least the next predefined length (2v). This twist pattern
forms the saw-tooth chart shown in Fig. 12. By varying the twist rate as shéwn in Fig.
12, any section of the cable 120 along the predefined length can be -sellaarated into

sections, which sections do not share an identical twist rate.
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paral l el . [00154] When the cable 120 undergoes an
overall twsting, a torsional twist rate is applied
[ . to the twisted pairs . 240 at any _ .
‘t@?‘%"?@ﬁ%ﬁ poi nt al ong the predefined Iength.PCT/USZ("”/034034
However, because the initial lay length is a factor-in
t he equation di scussed above, the change fromthe
initial lay length to the resultant lay |ength of each
of the twisted pairs 240 will be slightly different.

A0Q156} StTasvsableqapdérae Bhout@ Bt 8Giritd (it UERL 036the predefined length.
individual ly twisted at different |ay | engths.

[Jueterably, e gpredefinedolpasth edpply abfleast \approximatalyothet Wingth of one

SRR MOk B OF SR o AR LORR APl Tt gives the
tfoedapzentzd W@Glengthe prough dengtintto qormdkat ianfdl beogt MEhe BAGh of the
et ehin ot A RiTant o Heiency R HiRAarel eipg tansmited.

I8 6aAt | dleaiptdry EMBERASHE, AL lerfsth CEF tRd Nuh@ad it ( .
of the cable 120, preferably over the predefi né{ﬁﬂ Whvelength is

| 3PREpHmatply thiee megiersoFurtheseit sewelhinowm thyt Bvenks/)f a ¢yekical nature are
tsiver | I e .St .rate and

ca\glrﬁnl AUOUSI ngllpgéé{rvé‘éJslég% S(r)h? © Tg? eq@ggé?? é‘i Rfecty\é\ié?&l isslies"exist! However,
pryedefringswmecioghof (t2vdomiiEks sver wigk tpakhice Wavelefgti®istiite, cyclical

sawtoot h chart sg‘ﬁ)wn in Fi%ﬁ 1@3 Bi{ varyjng the tw st _
rEES 40 sPHOITIRZET ST oY, PARTFAYcehiginaiid. « hig seBe eembodiments,
liealiNef 1bfRr Maodlehdiheld nk&REtDikaR rBfichgRas ated into o
sections, which sections do not share an identical

trol I affRus, irf Qo eRBOSINMRS imatel
[[8%%57%] The cabl e Ieaq¥ | engt h%h@ﬁﬁ%ﬁq%#z%&??aﬁtgggrtoxmately
dhe fengheofnme fundamentdl snyelmeth bpefiemeld than mhproximately the length of
' n I t . S _mat.el y.th .
R sk " G, 51 R B2 o LI opptfore 0 some
[rsibogimend s thet tprelefimed lehgthc @bl appi@@matthi sthepevesetdrhie In  other

fundament al, wavel.ength enough l.ength to conplete a

et O d B Hohtor iR B ER navel engt h

i s depgnde on the, frequen of the signal being
transmitte f"&gﬂ”%%ﬁ@ﬁ?§gﬁﬂﬁg embodi ment's, the

N of the fundanental wavel e h is approxi mately
(PERET ot R (AR ERRER S 0 SHblaT 1130 i PRORA o o & foughputs
2appitathifi@land AlrpPARing 20 gidahits eV @comd) A ddnid éﬂlﬁodiments,' the Shannon

wavel engths are needed to see if cyclical issues

Sepadity q%m\bevqred Biptar iengHl Gaglesi@fes Benater dianrapprisimassly 20 gigabits
e r S cyclical.. . . .

(R Geind el b HREOMRKES 5P by bRl i e Vi digita signa

girogessing.ed. | n sone enbodi nents, inspection of |onger

wavel engths i s needed to insure randommess.

[00159] For example, in one embodiment, the cabled group 100 comprises seven

cables 120 positioned longitudinally adjacent to each other over approximately a one-
hundred meter length. The cables 120 are arranged such that one centrally positioned
cable 120 is surrounded by the other six cables 120. In this configufation, the cables 120
can transmit high-speed data signals at rates approaching and surpassing 20 gigabits per

second.
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[00157] Thus, in sonme enbodi nents, the predefined
length is at | east approximately the Ilength of one
rRtal wavel ength but no nore than approyj I

‘{ gﬂsgﬁﬁ%% of three fundanmental wavel engths g¢ﬂ§§ﬁm¥mmmu
signal being transmtted. Therefore, in sone
enbodi ments, the predefined | ength is approxi mately
three neters. In other enbodinents, the predefined
l ength is approximately ten neters. J. Performance
Negs unaMPRRNABRAS EMBODEOENEYDOdi nents, the cabl es
120 can propagate data at throughputs approachi ng and
4001684 s ﬁ@e Fpvgidgeasiptian Feintendedidbe llgstsaiye and not restrictive. Many

' the. Sk [ --hundr e
SERRUER By W] SACRE Dkebles VG Vet b apparent to
2hosgiafakilltin thpert upen acuding thbabidvet desciystidnor TR ¥eepObf &8Yinvention
abhga crosstalg nitLEg%ion with digital signal )
PPOYE D&idelgTming 81 ViForeTESagP de 240Ve AescaRpBioRiitie sould instead be
tdaeraakl edithr REReddB0td W abs&Red M Likhs, %Ue%vi(ﬂ?zgle full scope of
positioned | ongitudinally adjacent to eacli other over
Sapivalentyde sthjchasusheclaimg e extitledt dt isl antigipated Bind intahdlegisthat future

20 RO 20R1 09) cORBBERM MY B 0 v

IS surroun ST X

lincdrporsted ond swphrfaturoambddimentabl es 120 can transm t

hi gh- speed data signals at rates approaching and
surpassing 20 gigabits. per second. -47 WO 2005/ 045854
PCT/ US2004/ 034034 VI. ALTERNATI VE EMBODI MENTS [ 00160]
The above description is intended to be illustrative
and not restrictive. Many enbodi nents and
applications other. than the exanples provided would
be apparent to those of skill in the art upon reading
t he above description. The scope of the invention

- shoul d be determ ned, not with reference to the above
description, but should instead be determned with
reference to the appended clains, along with the ful
scope of equivalents to which such clains are
entitled. It is anticipated and intended that future
devel opments will occur in cable configurations, and
that the invention will be incorporated into such
future enbodi nents. -48 LLOYD W SE
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Cainms: 1. A cable systemfor mnimzing alien

crosstal k, conprising: a plurality of twsted pairs

defining a cable, each of said twisted pairs of the

cable having an initial predefined lay |ength

different than the lay |engths of the other twi st elfOYD WISE

pairs; 5 wherein the cable is twsted at a varying

lay length, the lay | ength varying between a. certain
3#MYum boundary and a certain maxi mum boundary, the

certain mni mum and _ maxi num boundari es bei ng

i nt enti onaf F3PIpYEgETRT RGNS Blicasrasyalk SQIpEsiBgie

effects of alien crosstalk between cables of the

cabl & Ryratief twedzpa'rAd%fgbrr@ @lstsari %féaléé\tisteé aairyPidiegblp

I, . wherein a jack fits gver said twsted pairs and

haing Am mitjp! f’resi%gle% b?p dengt dififesgnt fhap the lqyrierrﬁa@wf g Rthf pisted pairs;

respect to one another. 3. A cable systemas recited

i n cl¥iwsin theqpRle sitwisigd placyepiing '§V Emﬂw tegaplrapth yan e between a

twi sted pairs, and wherein a tw sting of said jacket

EHeia gunigudoppdery 3ndiaceriqin marimum; baumnsf*@&ertaﬂsmwwg and

with respect to one another. 4. A cable systema

rﬂ@%mt"é&owwa%mem 1“te‘\7\}ﬁ%ar”élpff"df’tﬁ’é“'i‘:°§6P &s fodequge the éffeCtS of alien

defined by a filler positioned along said tw sted

assiatk bepysen cables of ihe gatls syp'8M as recited in claim 4,

wherein a twisting of said filler causes a helica

twisting of said twisted pairs with respect to one

another. 6, A cable syste cited inclaim, =~

wheretn a ﬁag;bwﬁ@tnr?saqc't%@a ik Tfegein 8 gt gﬁ Wi spig twisted

after said t of said ca

Rah T RrBEraly eﬁéar'%gg@ad BAY "bli‘Pﬁl“P?mHhéﬂsk}“‘ '2’§“8 BeEsed

al ong a predefined length of the cable. 49 LLOYD W SE

7. A cable systemfor mnimzing alien crosstalk,

AR L R
B0 BT SR RS St e MEL LD 2, L SRl e

|ncrq?sed ?nd 5 cqptlnuously decreased al ong sai d
BIEPTHBY [PNGER " Yhe 1ay 1ength of each twisted pair

varying continuously between a certain m ninmm
boundary and a certain naxinun1boundary the certain

m ni mum an te t|o #
pr edeter ni gé?fab ngg‘ 2156“5}8&36%‘""1 ? h‘éh o%"(]: ]re re r%%'esr%“ he¥ defined by a

F lrler pg}ll?Ollléd Ialgngt Slglled t%??e!depai?fy stem and

5. A cable system as recited in claim 4, wherein a twisting of said filler causes a

helical twisting of said twisted pairs with respect to one another.

6. A cable system as recited in claim 1, wherein a lay length of each of said
twisted pairs, after said twisting of said cable, is one of continuously increased and continuously

decreased along a predefined length of the cable.
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wherein at | east one of the twisted pairs of the
plurality of twisted pairs has a 10 predeterm ned
average lay length different than that of the other

twisted pairs. 8. A cable systemas recited in 7, || oypwisE

wherein said lay |l ength of each of said twisted palirs

is varied by approximately a sane rate at each point

al ong said predeflned length. 15 9. A cable system as

reci ted i mAErAs g fyeingpiaing alicd crasptalks@mpESirg def i ne

a cable, and wherein said rate is an anpunt of

t or si ol RF SYistedhpains saidyisied pairs heligally fisted wih sepeshiogne
cable . 10. A cable systemas recited in claim?7,

?@W@W@Wgéﬁﬁﬁ?ﬁgﬂﬁa‘ -filler positioned al ong said

twisted pairs, said filler helically tw sted al ong

sai d WreEdRt Ay é?fgrhéﬁgfq*f of vmﬁéwg?tﬁi r&l% ong pf ntipuepsly éﬁ@f@ﬁd and
of said filler conti nuous|y increased and

@BH‘HOH%E@F?S‘H‘@{‘F% a% arcs‘ff Y 'w% the IBY ka&hioheagh ruistsd pair varying
H A cable systemas recited in claim7. wherein said

‘i?l“fé‘&@f‘? hB?i“’Feé‘n“g‘i"ﬁa‘P ginjpumepgundaryand a cerpimmangm b°“"dary , the

wavel engt h of the signal being transmtted. 25

SRS R ““i?‘a’“ﬂ“@hwué aleg peliy igientiqoaily @Sd‘i“i‘im&e%?(?ﬁs'fo reduce

wherein sajd tw sted alrs are generally fixed in

the gepireEse ] irﬂsswas'béhﬁca‘e SRR 5’i‘fgt her. 13. A cable

systemas recited | claim7, er q_a #acket fits

over WHFrEn fldFast eng of g’eﬁ‘éﬁs‘ieg paifs! fhe plualibnplgwisiidppisyhas a
pairs jn position with_ respect to. one anoth r..14. A

raraﬁteémglﬁ% EFAeg Ly %f‘t%ﬁerm thap SrahPhtac OhH &Y oA PATY
represents |less than ten percent of the vol ume within

said jacket over said predefined length. 10 15. A

cabl e system as recited. in clam.s7, erein C

i s appl i ed™ ST KM “icvff‘g‘t“édw 4! P§a‘g\,g‘h eq? 8 cﬁ gsa‘d twisted
thStln of said cket causes sm

s Saieh B wpBa Ay F Sua e b Ut 0e sHg R e

16. A cable systemas recited in claim?7, wherein when
sai d predefined Iength of 15 said tw sted pairs IS

ted tq t -
Z fgafggslet | %Eg@e s)\é\%fnZag é%c?tecf i c?ah% 83\2}10 chn salad ti“h pafrs def%e a cable,

o‘g&‘?“ sa{cadatgtcls:%c%%mﬁtr%f iorrs%n w15t ptfleg gy %d]BPCM t\\flgmh of said cable .

have different lay |engths. 17. A cabLe system for
mnimzing alien crosstalk, conprising 20 a plurality

Of t mﬂs’ t edfx éablf: v ﬁbe?rﬁagl?ec?tad ¥ aim t7V\f'uF¢iBe(?(ij:orRS‘rllsrmS ahfm/er Bc%lt%ned

di fferent

along said twisted pairs, said filler helically twisted along said predefined length, wherein a
filler lay length of said filler is one of continuously increased and continuously decreased along

said predefined length.

11. A cable system as recited in claim 7, wherein said predefined length is at least

one fundamental wavelength of the signal being transmitted.
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a jacket applied over said twsted pairs, wherein a

twi sting of said jacket causes a helical tw sting of

said twisted pairs with respect to one another. , 18.

A cable systemas recited in claim17, wherein sai LOYDWISE
lay length of each of said 25 twisted pairs is varied

by approximately a sane rate at each point along a
predefined length of said twisted pairs. 51 LLOYD

W SE 1219, Acghippsteayas retirdis claie i+ ehgraimsai] Byisisdimirs are generally
wherein said rate is an amount of torsional tw st

EysAIn PTG WA rePeh S ABPSY sai d jacket. 20. A cable

systemas recited in claim 17, wherein said lay |length
of each of said 5 twisted pairs is one of

conti nuously increased or continuously decreased al ong
a prebfef i n@§2bl¢ Bisigiyes restted in clayp 7 avhspait ipekes filseyprsaid tyvisted
claim17, further conprising a filler positioned

RAITS AR 1 Spiq QristechRpiy &) Rasition ith respsct igonpanathes) | y

twi sted along said twisted pairs. 10 22. A cable
systemas recited in claim17, wherein the application
of said jacket over said tw sted pairs generally
fixes!sai dAeoilstaEmadirseded i clpa il ,vgireimar repregegp)igss than ten
systemas recited in claim17, wherein the application
RsFeeatf ghe volurs withmssaig jackekayegsaidpredeBgeddsnatls i ni ni zes
the amount of air proxinmate to said twi sted pairs. 24.
A cable systemas recited in claim17, wherein when a
predefined | ength of said, twsted pairs jis, separated .
Pnto tho shbEREsRIegHS reciegingli ottt Pl is agpged over said

sitioned aﬂ%acent,to anpot her

pQ one . , thep at .any poinpnt .
BfSteiae ALY MER sdistna qgad eﬁﬁ-egé%fﬁ?sosﬂgﬂlep% O g ebeid twisted

tw st air for 0 each of said sub-sections have

dp
AP P &5Peq VPP ARYEHs. 25. A cable system for
m nimzing alien crosstalk, conprising: a tw sted
pair; and a filler conprising a base portion having
radi a

t endi | .and ar { [ to. at 5
20210 B S95 00 A e S SRt o

3] G5 S PR RO Sl B bRl

lld?z{‘z:-grgtlgo gr]:e a%gthler?ﬁllglg at%ef') [r;)c())u)l(tl oq%ctljae(!eXC)p AEsaid two sub-sections, the closest

twisted pair for each of said sub-sections have different lay lengths.

17. A cable system for minimizing alien crosstalk, comprising:
a plurality of twisted pairs, each of said twisted pairs having a different lay length; and
a jacket applied over said twisted pairs, wherein a twisting of said jacket causes a

helical twisting of said twisted pairs with respect to one another.

18. A cable system as recited in claim |7, wherein said lay length of each of said
twisted pairs is varied by approximately a same rate at each point along a predefined length of

said twisted pairs.
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?‘éh@ﬂ‘lw“”d%‘ede&r'ﬂg‘é‘ajaﬁ}f gms spigitwistg

quarter the dianmeter of said twisted pair; wherein

said twisted pair and said filler define a cable, the

cable being twisted at a varying lay length, the |Q§QYDVWSE
| ength varying between a certain mni num boundary an

a certain 5 maxi mum boundary, the certain m ni num and

maxi mum boundari es being intentionally predeterm ned

so as to reduce the effects of alien crosstalk bet ween

cabl e- of 4 RPleyple® a8 {rsitedin clapg | 8. whergiy saidagte fsayhagigunt of
recited in ¢laim25, wherein. said base portion

tprstongldwist appligdly, %ldltV'SE%@ﬁﬂph@ flength general |y equal

to the dianeter of said twisted pair. 10 27. A cable
systemas recited in claim25, wherein said filler is
helically twi sted such that said helical twstin

sai d 3% | | ef cafpiypies ag recgiedsip Gl 1T wihgreinsgidday 'sn@apfgeach of said
twisted pair. 28. A cable systemas recited in claim

DIe ST BORe BT oo Bl GOBMIPYSY ffeistnd ologed grrctined

that a lay length of said twisted pair is one of

%Eﬁ?lnuously i ncreased and continuously decreased

al ong a predefined length 29. A cable systemfor
mnimzing alien crosstalk, conprising a filler

conprising a base portion wth radi ext endi
| egs, 2 eachAéﬂﬁ%ﬁsﬁ”V€§§“ﬁHV|h g% wFéﬁ@?ﬁmﬁéﬁQ%dFFvomﬁ

equal . to at | east neter of ted pai.r
%%ngée'@.%}cg PRiGs Pl B @ aca]'mvéﬁﬁd aﬁlcam 5%13 t‘alstr‘fﬁ PHEr: an

extension to at | east one of said | egs, said extension
extending radially outward from said Ieg a predefined
extent; a reference point sa
appr o3 matfé|C9ﬁ%ﬁétewaﬁ8fre°ﬂﬁ%m&laawé?é S TSR f sid acker
said filler is heli tmnstgd such that a | ay

P3L5ilp PSP ne of
conti nuously increased and conti nuously decreased over
a predefined | ength, the Iay 53 LLOYD WSE |ength of
said djac nt tmnsted en a
m nf i bodes A4 B3l p3hi %%eheﬂmﬂswﬁaaawg} o ijacke
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occurrence of crosstalk in the cable system5 30. A
cable systemas recited in claim29, wherein said

hel i cal 1 W' st élg% f a%frl%cé 85 P cbalm ] aﬁ%l‘éme\%hearll atr{)ggcﬁhgaﬁlsrigth of said

tWISt atet

gxéﬁl%it ;Eabrf, IS ss%a&fqec? V\jo%{vo sub setclang’ta% s su% s?glongdrg %&u%qeéjydmcent to

one another, then at any point of adjacency for said two sub-sections, the closest twisted pair for

each of said sub-sections have different lay lengths.

25. A cable system for minimizing alien crosstalk, comprising:
a twisted pair; and
a filler comprising a base portion having radially extending legs and an extension to at

least one of said legs, said twisted pair positioned adjacent to said base portion, and said
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31. A cable systemas recited in claim?29, wherein

said helical twisting of said filler 10 di scourages
cable nesting . 32. A cable systemas recited in claim
31, wherein said cable systemincludes two cable§LOYDWISE
positi oned adjacent to one another with points of
contact and said helical twsting of said filler
causes an air bet ween said two cables to be at

R8N Pt paY OB SHABRE POGPN BY 2 (288l of ghleast amprosimately ne-
cables. 33. A cable systemas recited in claim 29,

QRS dherfliangier ofsAehetighPaTs expanded toward a j acket
covering said filler such that an ampunt of air wthin

sai d YiERRId &itehRaRapeanid filhy deine agaplapbecagliopigatyigied ata
recited in claim 33, wherein said jacket and said

epiireday lgagibrthy oy loppth ‘é’d}“ﬁ?’é‘ﬁ‘tﬁe't N @dmba}%qudary and a certain
ositi cabl e system f or zin

’gﬁ"“é@%'f‘ EP‘R"da'é’oWﬁ Fereainyyinimum,angdmaxipym B?““f’ ?)eag ﬁ’é‘?“ﬁ‘%"a”y

&??‘%?fé‘flo{“ﬁég; agéélyf\:nd%etlg %Iftrﬁg ngl\ll IErE ablFsi qfthg cable system.
positioned along said twi sted pairs, sald filler

conprising a base portion with radiaIIy ext endi ng

| egs._ each of said Ie neral ly.

equal 2 o ab crRIGSEeD F Gireb e Rs 35 o bor BHReF v yusdocesa
pairs selec Iy |t| dj acent to said filler;
r&?}"ﬁ"é&?"é‘ﬁ‘é'i“éﬁ?"ﬁ% ?gi"ga?gt'a @ %‘F*“% spigd fuisted paigy

extension extending radially outward from 5 said |eg

a predefined extent; and a reference point of said Ileg
deflnep as, a r oxj mat el

t he. di er; .. .
Sher oih oo ARDh SRS el iagh kiﬂheem v%ﬁfegtsé‘a"ww fpisted
respect,. to . one another an over al
Jogh Biicigteught 8 aCry! e AEyELloBR s ARG ER yvited pai
decreased over a predefined |ength such that mhen
said predefined l ength of said twisted pairs is
separ af ed two sub 10 secti and sai.d two. .
g S%;& I o,ﬁ §abj? %vsﬁglsqstrefci’rﬁd i c% dn gg e\\r%)terefn saldahl%r Isd Ihcally twisted
?'u§€ &atteehhlg% eB%t{ H?%ﬁld tg& lsz HQ%ZS (‘?gtoﬁgoen mlll(}us y ];ncreaseegtand continuously
@redefl ed ext at any point of adjacency for

csreasef ”éﬁBmgggFPgﬁ g the closest twisted pair for

each of said two sub-sections have different | ay
| engt hs; and wherein the |ay Iength of each tw sted

ggh;dé@r | Z%éatﬂn s[t]:uoflfl)r m}{nnqsltn nocﬁcﬁgtgﬁ(tt% ﬁiéiillg:em 2: nme
i ni WEh& comprlsmgnaubase portion with radially extending legs, each of said legs having
a length generally equal to at least a diameter of a twisted pair selectively positioned adjacent to
said filler;

an extension to at least one of said legs. said extension extending radially outward from
said leg a predefined extent;

a reference point of said leg defined as approximately one-half the diameter; and

wherein said filler is helically twisted such that a lay length of said adjacent twisted pair

is one of continuously increased and continuously decreased over a predefined length, the lay
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boundari es being intentionally predetermned so as to
reduce the occurrence of crosstalk in the cable

system 36. A cable systemas recited in claim 35,
wherein a jacket is applied over said 20 tw stedoypwisg
pairs, and wherein a tw sting of said jacket causes

said helical twisting of said twsted pairs with
respect. to one another. 37. A cable systemas recited
'F'f*g“g‘l’féﬁ‘ﬁwa%?e“w%fr‘@ pirdging befiveeie seralg %&*ﬁ@m bopgdagy and a certain
| east one-quarter of the dianeter of one of said .
qlwxlg?réaolﬁgfinryst;he oggtaggminimum and maximum boundaries being intentionally

predetermined so as to reduce the occurrence of crosstalk in the cable system .

30. A cable system as recited in claim 29, wherein said helical twisting of said filler
applies a torsional twist rate to said adjacent twisted pair, and the lay length of said adjacent

twisted pair being varied by said torsional twist rate.

31. A cable system as recited in claim 29, wherein said helical twisting of said filler

discourages cable nesting .

32. A cable system as recited in claim 31, wherein said cable system includes two
cables positioned adjacent to one another with points of contact and said helical twisting of said

filler causes an air gap between said two cables to be at least 0.1 times a diameter of at least one

of said cables.

33. A cable system as recited in claim 29, wherein said extension is expanded

toward a jacket covering said filler such that an amount of air within said jacket is minimized.

34. A cable system as recited in claim 33, wherein said jacket and said filler

generally fix adjacent twisted pairs in position.

35. A cable system for minimizing alien crosstalk, comprising:
a plurality of twisted pairs, each of said twisted pairs having an initial predefined lay

length;
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a filler positioned along said twisted pairs, said filler comprising a base portion with
radially extending legs. each of said legs having a length generally equal to at least a diameter of
one of said twisted pairs selectively positioned adjacent to said filler;

an extension to at least one of said legs, said extension extending radially outward from
said leg a predefined extent; and

a reference point of said leg defined as approximately one-half the diameter:;

wherein said twisted pairs are helically twisted with respect to one another at an overall
lay length that is one of continuously increased and continuously decreased over a predefined
length such that when said predefined length of said twisted pairs is separated into two sub-
sections, and said two sub-sections are positioned adjacent to one another, then the average
distance between the closest reference points is at least one-half of said predefined extent, and at
any point of adjacency for said two sub-sections, the closest twisted pair for each of said two
sub-sections have different lay lengths; and

wherein the lay length of each twisted pair varies continuously between a certain
minimum boundary and a certain maximum boundary, the certain minimum and maximum
boundaries being intentionally predetermined so as to reduce the occurrence of crosstalk in the
cable system.

36. A cable system as recited in claim 35, wherein a jacket is applied over said
twisted pairs, and wherein a twisting of said jacket causes said helical twisting of said twisted

pairs with respect to one another.

37. A cable system as recited in claim 35, wherein said predefined extent is at

least one-quarter of the diameter of one of said twisted pairs.
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