CABLE W TH OFFSET FI LLER RELATED APPLI CATI ONS [ 0001]
The present utility application clainms priority from
w0 b@s/04335F si onal application titled "CABLE W TPCTOBEF®BET034073

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

Cct ober 31, 20003, the contents of which are hereby

i ncorporated herein in their entirety by reference.

The present application is related to an application
entitled "CABLE UTI LI ZI NG VARYI NG LAY LENGTH

VECHAN SI5 TO M . fkRed on th
CABEE WiFH OTFSEA Pl LERC on Lhe

sanme date as ND OF
THE | NVENTI O\l [0002] The present invention relates to
cabl es made of twi sted conductor pairs. Mre

specifically, the pregeRy PPY 1A TIehne s to tw sted
pai r cables for hi h—sm%a—m '
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speeds at which conventional data cables can propagate
CROSETALK Chihsequihetshipe dathes tetmressabimsicatiornt. ypi cal
conmuni cati ons networks, such as |ocal "area network
(LAN) communities, limt the speed of data fl ow

bet ween comuni cati ons devices. [0004] In order to

propagat e data @A‘@@RUMDWPMH‘WENTI@)Ni ces,

many conmuni cati ONS NetWorks utilize conven
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Murs bedifpally, the @k&séﬁt&nfzamuoh mslutleatce le@Qddiaﬁ{@bEs tfw lsitledpeed data
toget her al ong_a | ongitudi nal axis.[00C6] The tw sted
pRINPIUBicAliQs appleatioBst specific standards of

performance in order to efficiently and accurately
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abl.es do not at | east sa tandar ds

prtgiosy Be "tufe vBRRee S0 SRl it vk RieRatrater e necd for
SSARHAICHBoBNERK ik RS RIS B8 Haﬁ'aﬂﬁfgﬁbpib%edst h¥loreover, advancements
perfornmance, and the safety of

in technology have contributed to the demgn and deployment of high-speed
communications devices that are capable of communicating the data at speeds greater
than the speeds at which conventional data cables can propagate the data. Consequently,
the data cables of typical communications networks, such as local area network (LAN)

communities, limit the speed of data flow between communications devices.

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

insulated conductors twisted together along a longitudinal axis.



cables. For exanple, in the United States, the
El ectronic Industries Association/ Tel ecomuni cati ons
WO paba®¥38§5 Associ ation (EIA/ TIA) provi des st andeeTES2004/034073
regardi ng the performance specifications of data
cabl es. Several foreign countries have al so adopted
these or simlar standards. [0006] According to the
adopt ed standards, the performance of twi sted pair
cabl es is eval uated using several paraneters,

I ncl udi ng di mensional properties, interoperability,
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limitations of conventional cables. The first listed parameter, impedance, is a unit of

measure, expressed in Ohms, of the total opposition offered to the flow of an electrical
signal. Resistance, capacitance, and inductance each contribute to the impedance of a
cable’s twisted pairs. Theoretically, the impedance of the twisted pair is directly
proportional to the inductance from conductor effects and inversely proportional to the

capacitance from insulator effects.

[0008] Impedance is also defined as the best “path” for data to traverse. For instance,

if a signal is being transmitted at an impedance of 100 Ohms, it is important that the
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the transmtted signal. This degradation due to signa
reflection is known as return | oss. [0009 I npedance
waelewsatisehs occur for many reasons. For exanpl BCT/UR®04/034073

i npedance of the twisted pair is influenced by the
physical and electrical attributes of the tw sted

pair, . including: the dielectric properties of the
materials proximate to each conductor; the dianeter of

t he conductor; the dianeter of the insulation nmaterial

around t e conductor t he di stanc et ween
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the twi sted pairs. [0010] Because the above-|isted
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e increase’in the distance en the conductors
dlam:eftet he thensidectopahe diatgeteihe tho umﬂabﬂonlmmmgemmd the conductor;
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pair. ater variatiron
lengtltqmdhhe dighinkess mfe;hcl jatcketmumumhng thgrsdistatppiadat i on.
Therefore, the all owabl e i npedance vari ati on over the
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particular, the EIA TIA standards for cable

lengger the Ampadance of the avistad pair mayideptmeres thf leagbatfitee pair.yAt any

: rpte [..value Typi cal |
poirf sl 8l B AP e s bl g gvision im
impédhardBPEEHaRs e e causHld e impeBhéd Yiewhtidd &@iutﬂegnalfrdﬁataasmple
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1mp@deﬁweci§ RRbWALSHe m}eétw pé&itios1es %esalgtaﬂée%e@&vsen the conductors of
transmtted. Therefore, accurate and efficient

the twigtedrgaési ons of hi gh- speed signals, -3-such as
signals with aggregate speeds approachi ng and
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The;eég%ef thte%faclg\}vt@rgg ggqufqgge Ivgnpe?n%%ngservt%rellgrtlgltg nc?f 2(1) \clzglglet 12 etyplcally
standardized. In particular, the EIA/TIA standards for cable performance require that the
impedance of a cable vary only within a limited range of values. Typically, these ranges
have allowed for substantial variations in impedance because the integrity of traditional
data signals has been maintained over these ranges. However, the same ranges of
impedance variations jeopardize the integrity of high-speed signals because the

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

are transmitted. Therefore, accurate and efficient transmissions of high-speed signals,
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particul ar, post-manufacture mani pul ati ons of a cabl e,
such as twisting the cable, should not introduce
W@ e@aioiissant | npedance m smatches into the cabP@r/US2004/034073
[0012] The second |isted paraneter useful for
eval uating cabl e performance is attenuation.
Attenuation represents signal |loss as an el ectri cal
signal propagates along a conductor length. A signal,
if attenuated too nuch, becomes unrecogni zable to a

receiving.device. To e sur.e thi 't
suctl Fei i Ghereeris SEoRR or i ik ML afBfS e 10 BB per second
bend oY BfictbosshtiondF thes indseaRtAPdriitiohd 03] thd Nength of a cable. In
attenuation of a signal depends on several factors, '
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not pirodiics %gl’;u%pﬂg Ipg ﬁws%?tcgﬁén@ﬁgﬁgﬁ%?e't he | ength of

t he conductor; and the dianeter of the conductor. |n ,
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S govern
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[0014] The materials surroundi ng the conductors affect

recesving aflevige: enliatmake seeatfie dassef apgeny stAngasds pmmittees have
el ectric opert i ol jelectric
eStagidﬁ‘fﬁjWS OIf@ﬁﬂO&nE?ﬁwllg?ﬁ t%%t 8 iagér%gfab 0ss. Accordingly,

(0051 e s FEREAAAOF § AP HPERCTY 1 e b R aing: digpficlectic
condt@nts 0F 't’ijxﬁalﬁgtehglg .SE{EBM %flﬂ%'coﬁﬁ‘ﬁfﬁ&; PR GTHe@hre 8 MRl doMductor; the
p ower di i

Fovi de el ectri oss than other nmaterials
frequehdy &fi thdeignalt Hededgth of herstduter; asdidie disnged gfthegdnductor. In

chloride (PVC). Further, sonme conventional cahl es have
ordasdn il esUicesGHRAP geaHigR S5, iAoRP B AGREHES Seplifk some of

fephl. . SU ' t i h 1S j :
el PP KR, IE A i sBRETASE AME s o

condgabnidbr hegwadtedgdimnuat i on. [0015] The naterial of the
jacket also affects attenuation, especially when a

[00F40! e TdResaRahlsCimioahdink the rddatudidis elftbch gigndly Mitepdhtion because
jacket materials used wth conventional cables tend to

mathrisle withhbettedi dielectrici prapsrissales, lowec Hidestric sangtanigh tend to
kG, 5 k0. e BRGOHARL GO s svh o
poljdiffleRehRE b SlAICANYIBR pREYREe (PRI tBRahilAL detbondh@bsd These
matgglalrssdsually provide lower dielectric loss than other materials with higher dielectric
constants, such as polyvinyl chloride (PVC). Further, some conventional cables have
sought to reduce signal loss by maximizing the amount of air surrounding the twisted
pairs. Because of its low dielectric constant (1.0), air is a good insulator against signal

attenuation.

[0015] The material of the jacket also affects attenuation, especially when a cable
does not contain internal shielding. Typical jacket materials used with conventional

cables tend to have higher dielectric constants, which can contribute to greater signal loss.



[0016] The third listed paraneter that affects cable

performance is crosstal k. Crosstal k represents signal
walegsadnss on due to capacitive and inductive cRUpPUE29g4/034073

between the tw sted pairs. Each active tw sted pair

natural ly produces el ectromagnetic fields

(collectively "the fields" or "the interference

fields") about its conductors. These fields are al so

known as el ectrical noise or interference because the

Consehithn  FRBY ATBRY AL AP il o CONALE: of G dgfion that helps

distahéeethdSadnepea hyshRn@alAsied ey dl y from the source
conductor over a finite distance. The strengths of the

001 2 5 BRADRYE et QIR hlied 10 g

Crosbthi&l rpravend dtabdegatigionafue db thgicaive dndpgductive coupling between
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are allBaGHeh & el6dtfibal noieUi lihieEeRRat dBeAudcNBe FvidS el uR@dsiribly affect
at a position near the receiving end of the cable.

the shpwls heing treagnidied aleng odwntpsoximapen sendicisrs.siThwafields typically
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crosstalk refers to a neasure of signal coupling

t W St i i Off o ofl _
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end ardsstalt (DEAN® Ban theasafef of semhabyodilingnbatwesstiiad kwiktednpairs at
the twisted pairs of cﬁ%r oxi mate second cabl e. [

Al
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ossik i | b - fa...
cos RREED PP AR e o R SO BERRUEHAR &y foicion

near Phey fecedding lkad af tley taillé.c Pookrsancabbwalk répresshesda prbdise of signal

and their relationships to each other help determ ne
coupling Ratmiesnsalhkhe jspyrcey) of oplesigral RYseVitie 2 Gpble entity that can

porefi A Bbcto AR SRRl RRYe aBIRIALRIRY Hln crppstallc refers
to a dhcataacef SighMemnplife bewweshatle paisted; pdidieof| diffedegneibiiess. o other
the twisted pairs; the types of materials used; the ]
wordsp dssignahey opartighlay it‘éﬂ%ecﬁ%‘a;‘)faﬁq@f%tﬁ‘@bkoéqﬁ be sfigfed by alien
! Y o Sttt ) . 4 -
crosf i 3 15ishd Bl 9Ll b8 LD, VAR bl s

Cross\lISUCHS BN opreséntd Henedalat of sighall Hulshgybetivdad all R6ise sources
effects of crosstalk within a cable decrease when the
outside of a cable that can potentially affect a signal.

[0018] The physical characteristics of a cable’s twisted pairs and their relationships to
each other help determine the cable’s ability to control the effects of crosstalk. More
specifically, there are several factors known to influence crosstalk, including: the distance
between the twisted pairs; the lay lengths of the twisted pairs; the types of materials used;
the consistency of materiais used; and the positioning of twisted pairs with dissimilar lay

lengths in relation to each other. In regards to the distance between the twisted pairs of
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di stance between twi sted pairs is increased. Based on
this know edge, sone conventional cabl es have sought
W 0080x38R3 ze t he di stance between each parti cuP@r/us2004/034073
cable's twisted pairs. [0019] In regards to the |ay
| engths of the twisted pairs, it is generally known
that twisted pairs with simlar lay lengths (i.e
parallel tw sted pairs) are nore susceptible to
crosstal k than are non-parallel tw sted pairs. This
the capfel SORERnSWR GRRL B! difdcks bO cRlQak! Mtk bR @&9«%@ Svhen the
e interference fields produced by a first tw sted
distaped between ovistedtpaits isnnclieasedt Baned oththtis keawdietige, sorhé oemestional
her tw [
cablegt,\pagzpe%)uggt ?c? r@é@eéﬁ%ﬁ%&é&gﬁ@%ﬂg%@ l@act:tgﬁ%}&:u{a; rc%ﬂt:)le’s twisted
conventional cabl es have sought to reduce intracable
crosstal k by ut| lizing non-parallel twi sted pairs or
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. ength tw sted pairs. The i ncreased angul ar

pair. diBaseahme thiis dmow lquige ainkey conveativaglioghles ddue egughhéo reduce intra-

careE Rl SR BTN el BEct L) PRI meragtsof e
mdw\?ﬁ&il't@ téd%a%%%r&%fr‘&&?%ihs?al rs, cr eat| ng a situation
en

|st ance betwe wi sted pairs is reduced. This

r t
r002yf""* ¥ 89 pBNGRNY REAPlre} sl SRR Sie] Bk 85 BheOBfse wist
rates)p &rd $ncﬁfé %)rﬂﬁ&’ €o $his 6ERdts bk erdwtallh ehaﬁf ite(m&stéﬁ pairs with short lay
crosstal k, including alien crosstalk, than are the

lengthiio rFersfﬁgi Hags g’(lhh shartst &ay Jsagths oriproheir cpaducipra gt epgles that are
terth P HOREDHE ARG FRRSFAL bR SARIER. BRKSERY W Bristed pairs.

pairs,

Cross etween

The #rRACH:E hﬁg\ﬁixecﬁstﬁmef ﬁorh)a Reslidl iceishtagod felubenge |eﬁycts of crosstalk
length pairs farthest apart within the jacket of the
betweamithe twisted @rispp Furtherploager layilengghByistedipgirs coase tpprs mgefing to

wih the |o
occh %P {ngtpagffacr’r? atng agsd{uﬁ‘ a&lb{ “1}19 Hﬁn eac to?‘% VR?“% éludg“ i educed.
This FRrtASdedtaaRs tHeeatillig ot pees ﬁﬁ’éﬁh@@ﬁbﬂe’hﬁf@raﬁcﬁr [O61324uedilly hthe long
the above cable paranmeters_in mnd, many conventional
lay lemgthetwisied @airs are more susceptible to the effects of crosstalk, including alien

crosstalk, than are the short lay length twisted pairs.

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

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



been designed t o regulate the effects of inpedance,

attenuation, and crosstalk w thin individual cables by
w@enwsnessd ng some of the factors known to i nflRERNUS2004/034073

t hese performance paraneters. Accordingly,

conventional cables have attained | evels of

performance that are adequate only for the

transm ssion of traditional data signals. However,

with the depl oynent of energing hi gh-speed
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crosstal k. Mreover e high sgeed signal s naturally
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crosstal k have becone nore significant to the
signdly thascrnslsé osedofy the gmespiag Qo@mu@m@,ﬂgmdngw,Asementmned above,
conventi onal. cabl es coul d. .overl ook t t
the Igigh éPPeér%‘gg’l‘lél Fovndn vremubierte etel dmRidR) dygolo,auenuation

onal

1mpeﬁbr9% étBﬁest SGANIr4eSk sl ding SRML £:@kstsIkOSMoaddver, the high-
e conventional cabl es do not provi de adequate

speed sigahls naturaHyJ manrsenrthe effprte vberosstalrhycpbfecing stegigepinterference
al ien crasstal k _between the conductor pairs of

fleldﬁ?‘b‘ﬁ‘té}k? @i GRAYLOS\pr eover, sone conventi onal cabl es

have enpl.oyed desi gns that act uali‘% work to |ncr% h
[0028he dxisosutks sFeTERETEd iFEPEEcHAFIS Gegerifates gh daia rates, the

effecgsr ?éﬂgeﬁg::iﬁ%sé@% r%%é‘ BBl e ltn}ﬂﬁ-] sﬁ@ﬁéﬁéﬁrﬁ‘ t5 ftl‘lé \!r%srrﬁ&l%ne&’ h1ﬁh-speed

heé "sane ca I'ameter by reducing t
data tdrekneswhind cohedntiohalckables anill ageriedd thepeffduingt vhei crosstalk
tw sted pairs closer to the jacket surf

ce, thereb s
whenoRBSTLNE titionfl5iBRaln e FoBRguST Bk thyoRFal gLt Within
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transm ssion rates. Traditional SI nal s such a
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equEsE}Peegf @ Stgg?tgh Spg{;% ?A Gl é(ro&?ﬁko'ﬁc% SMpteligi & sRAIFHIRY cables
often maintain the same cable diameter by reducing the thickness of their jackets and
actually pushing their twisted pairs closer to the jacket surface, thereby worsening the
effects of alien crosstalk by bringing the twisted pairs of proximate conventional cables

closer together.

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

per second Bthernet signals typically use only two twisted pairs for propagation over
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-7-conventional cables. However, higher speed signals
requi re i ncreased bandw dth. Accordingly, high-speed

W@ e@aakssss such as 1 gigabit per second and 10 POCTERIDE034073
per second Ethernet signals, are usually transnmtted
in full-duplex node (2-way transm ssion over a tw sted
pair) over nore than two twi sted pairs, thereby
i ncreasi ng the nunber of sources of crosstalk.
Consequent |y, conventional cables are not capabl e of

i ng. theyi f . .
convfha0 aBftsn, LRSS Aot spEAL Sitaloh PUREcS Hefh RSP bithdwiatn
Accor RS RIEH 3peed BTRMER] duenak lcgpitespaascmid ade(cgipmbitstper second

I nct éases of cable to cable crosstalk (alien o
Ethemeosigtakkire ushilishtransoyited ik fullsdymiex awde d2-aysraappisgionyover a

AT R .
of cx&gﬁﬁlﬁm i(@d’iﬂle%ﬁe%ﬁy,n baMRntishA ¢RI aethotecapasis eppydresining the
o hi

gh speed coimmuni cations signals. For exanple, as
increamdt dffeced o powersusorresstal dhatiash prodgesdby higheapsed signals. More

. typically need only two twi sted pairs f fegt]

importiaiionF By ienal fabia Saapdl B HEE cinirkreelts Shucab® o cable

cross?é’lﬁt(gﬁ%x AR sHBsalnYcHPERM AL ib hfcrbie@rshBsiamnttlytdeaiusendl of the
twsted pair's'signal will inflict on the other

twistetMpaiteel pdjhcens cabilgnak potdotieeactivey usi ng nore twi sted
pairs for transm ssions, conplex high-speed data .

[ooza%gniﬂiﬁﬁga@@,e biee coMVeRtioml techmiqiks ae meffetthe ‘elidneappiiedfo high

ich are l'ess predictable. As a re_suldg‘, convent i_é)c[{al 1d
speedeptiorimi calis signekin Jr sFamplanas FrafPrRihwye o radigpnal data

. _noise are nq |onger ' . | i

s1gnz§§ &g)éqagplkt}eegroggx t%?oaiiﬁ%t%g ;’Hrrréé ?ﬁ ggféctg\?eg@%rgg]é%s?)a | )ﬁ/ﬁaﬂns situation,

comnafchestd ¥Ridecanssuilhepsiigotksneffenhbethacals wéstat pair’s signal
usual |y unknown or unpredictable. Mreover, tryi

to .
will it @t thef gthar tviated patrey figedudloweycst Debsas Wf%a*?lgfééorﬂm for .
bles is i t] di-f £ 0 )
confi 330 oS PR S St e LB debergBERY 138y of nose, e

effedtt SN AT AREleBE piedlifalids.0 PlsenEestily, ¢diehtidray methodsfusede cancel
signal s as they propagate al ong conventjonal cables.

out Bpautdictabld gffecihel PRighate i@t FARCE Ve [ ragards to alien crosstalk,
unacgept abl y, att enuat . ' ] "

predi R EOL BT oh oLy A R b rein g e AR i Gl are

usudifyashichb-@Rad: vhpledEstsblon MarBsves) ttyingtd plediat sighdle and their coupling
crosstal k and are not designed to adequately conbat

effetthenafifaceniscablesas inepraeticab sachdlikfighioduced by hi gh- speed
signal transm ssions. [0027] Conventional cables have

[0026jed Thedinticasal effeaihnifquesstdlb duedtec bighripeed siginkls pose serious

problems to the integrity of the signals as they propagate along conventional cables.
Specifically, the high-speed signals will be unacceptably attenuated and otherwise
degraded by the effects of alien crosstalk because conventional cables traditionally focus
on controlling intra-cable crosstalk and are not designed to adequately combat the effects

- of alien crosstallkk produced by high-speed signal transmissions.

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

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

-8-



crosstal k between twi sted pairs. However, conventiona
cabl es have not applied those -8-techniques to the
wa@Pbdosn4sssDsst al k bet ween adj acent cabl es. For PCEDS2004/034073

conventional cables have been able to conmply with
specifications for slower traditional data signals

W t hout having to be concerned with controlling alien
crosstal k. Further, suppressing alien crosstalk is

nore difficult than controlling intra-cable cross-talk

bR AL PR RGP PP Uy i
haveXeeR" B & ngnglyc\gﬂi‘ spAPB&H R fhrSsieNvés irfdilibndl AlafPagiil € without

because It ty y cones from unknown sources at .
havit) 6 €6k ebatdraed mitr vantsollifi@o2®8h otesstalkeshyuther, suppressing alien
conventional cabling technhi ques have not been o
crosSHBESBPR (Y TCAb AN TG PBSEL pecause, unlike intre-

fr agifbRNalieh @FNRIA0Y 88n iR HR0brebiRel9 aBbdskired or
cabl%’?éc%gt’azﬁ cf%)(%?péo a ?%utrll&c’rosfgt al k. For exan‘plo%, di gi t al
predit@nal Afe@ceesstalk ik adiffivdn taiseshsto bemauel itotipiadly comes from
conpensate for effects of intra-cable crosstalk.
unknqsviesaicesi sEDSEIcANNtEYYSst al k is difficult to

measure or predict, known digital signal processing
[0028% c hnAguerssalanroveronsloeablivg fieehmiqrss yaxp pet kegn sppgesstully used

to c%gq%ﬁ %Bgr)l( Iglfsqtsgtﬁﬂ{] r@g%?g%:rk%fxg grﬁgﬁ?i%\f{%ﬂé%hgl?@es %g%/og ﬁ)? %%Sri]lgl used to
contfdd %igﬁ cPRRnat. rifRaibestsiansd Fxliaﬂ @udoabehy his s Mikéd foigghicel out

speed data signals. Specifica , the conventi onal )
or compbesatal fomeffects of/indre-cabiegerassalke Ao wewst, pcapsscaliegrrrosstalk is

ainE PR R e LRFEENE, PR AR At v cos
effeﬂ\geﬁ I.Eiﬁﬁ?éd. afyesElRed £Q8th 68 iFMliR 8L ton{dnBER cableh MRE®@Brol alien

order to effectively transmt 10 G gabit
crosstatinal s at 100 negahertz (MHz), a cable nust provide
at |l east 60 dB of isolation against noise sources
[002Mt Si te sidrt, tdvavenivnel cableshcaanotelfatiesly amedlcesately transmit high-
However, conventijonal cables of tw sted conductor
spegshdlats signelse abpagifisally, Be crawrsiongfablis do Wigrevigde afequate levels
60 _dB needed.at a_Si r :
of pibtgtti 55 it dh i Beo bE BRGNS, abCHhalDR, adebiiBictdl For
exaR@ies €hé aftith® SPEREGicadaddElcb@oficy diginetrsa@ERE} sitanates that in

over a 100 neter cabling nedia. Consequently,
ordgrciavesfrclignl ranst 60 GERt igbRst A9 rBteeth D) gable must

proglifl? El& ﬁg%f %9?%%&%&9 R8Tt AN S ALEY i ElY oP'the cable, such as
adjacent cables. FHowever, conventional cables of twisted conductor pairs typically
provide isolations well short of the 60 dB needed at a signal frequency of 100 MHz,
usually around 32 dB. The cables radiate about nine times more noise than is specified
for 10 Gigabit transmissions over a 100 meter cablin.g media.  Consequently,
conventioﬁal twisted pair cables cannot transmit the high-speed communications signals

accurately or efficiently.

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

MHz, these types of cables have shortcomings that make their use undesirable in many

9.



[ 0030] Although other types of cables have achieved
over 60 dB of isolation at 100 Hz, these types of
w@e abmessshave shortcom ngs that nake their use PCT/US2004/034073
undesirable in many -9-comruni cations systens, such as
LAN communities. A shielded twisted pair cable or a
fiber optic cable may achi eve adequate | evel s of
i solation for high-speed signals, but these types of
cabl es cost considerably nore than unshiel ded tw sted

jrs. Unshield typi | ' 1L gnisf i
S DRSS ARG, L AL e o
fiber (%gic%%lla inglydRRieSNside®até feva]stof aatatl dnf fonBighm@eedRignals, but these

reover, “conventional unshielded tw sted pair cables
types af eabidsrcesichpnsiditabdy mals theh adshieldad swisted peits aUnphiplded systems

of exi sti ng.comruni cati ons stens, |t.is desirahl.e,...
cicaflr UG BTG APt GO e | BIES B s ety of
unshiigd si?c&?xg ﬁom%g&ﬁittﬂi%‘ edfdl S Mbicbdre ohVer@iddal unshielded
rate

accu y. Specifically, it is desirable for o
twistedngiii elables daviadteadypaeli-establighedtio actubstonrtia) envrabareeic existing

par aneters adequate fo intaining.the. integrity. of
comnprifaLignse SYSEREa s&tg Al Sg%?lf’“ng‘neflfl%?:‘?@ﬁ? {1%15{%‘% nPégi HRles to

Velad fiEn SAR! iFe 4 & OR&Y. Speifically,
oy g 1SS EMNRG CpBE SR My, S
it is aenigurt for wehietdedvtwistas eeir fdabks| tp, adhirvepperfemance parameters

invention relates to tw ste ir c ni cati.on, cabl es. .
adeqieey hh WISBEETE qiea RESHINGE AL TP P BT GuiRE. efficien
t Wi LLihbgluding at | east two conductors extends

“m“%#%ﬁé%gaggﬁé?%?gy | ongi tudi nal axis, with an
i nsul ati on surroundi ng each of the conductors. The
conductors are twi sted generally |l ongitudinally al ong
the axis. A cab{pIMERYUOF PUE/RASENTION wi st ed pairs
and a filler. /AT Teast two of the cables are
positioned al ong generally parallel axes for at |east
a predefined distance. The cables are configured to
[0038f f i cTROprasenih vention akkites fr opzlgmmendhi gfhtvapled dogdecior pairs.
signal s by, anmong other fupctions

lim.ti t. | t
Moresspseiically, thaares Sy Gyraipn 5 %sotgrfgfést%c&n?lglg&gﬂﬁpmgﬁ%i 8?b‘iles for

i Nyl | |sC4hof al RA L iRNEHRS 120 aghst

high §pFNEA 'Sl BCafidsibobbaRGHD! 1 VAR B [003%]5l St two

condG@bisadxierglg hddignantenendlyploagitutinadablis swirh kh ingwlatlps surrounding
descri bed, by way of exanples, with ref ﬁ}rﬁncet

each aqfdbﬁﬁgmgnc%zdﬂ‘g}lw ﬁ@'sd’uc;qqs @I tyﬁ_sted genera ong1tu%intaﬂ3§ along the

axis. A cable includes at least two twisted pairs and a filler. At least two of the cables

are positioned along generally parallel axes for at least a predefined distance. The cables
are configured to efficiently and accurately propagate high-speed data signals by, among
other functions, limiting at least a subset of the following: impedance deviations, signal

attenuation, and alien crosstalk along the predefined distance.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

-10-



-10-[0033] Fig. 1 shows a perspective view of a cabl ed

group including two cabl es positioned |ongitudinally
wW@oposaoesss t o each other. [0034] Fig. 2 shows aPCT/US2004/034073

per spective view of an enbodi nent of a cable, with a

cut away section exposed. [0035] Fig. 3 is a

perspective view of a twisted pair. [0036] Fig. 4A

shows an enl arged cross-sectional view of a cable

according to a first enbodi nent of the invention.

o0ss 92 60« A5S80S BBRRG AR AR B o

- 'ﬁb&gﬁ ahedthé@ ged cross-sectional view of a
longlt@?\%lalﬁ%cor i%g to a third enbodi nent. [0039] Fig. 4D

| ) : . b
roo4] B3 B0 R edheinst € FE 0L e A todlin el Ain SaE A Cutavay
secticn@¥Bbdeation with a second filler. [0040] Fig. 5A shows

n enl arged cross-sectional view of a filler according

a
[0035&%%.%8%56%})6@?2%’%% Cta tRhistédgait.nvention. [0041] Fig.

Hows *an ‘*en ross-sectional viewof 'a filler

' to the . third i . i .
[003@ &*ggggéns ggsqns g%lfulglgrﬁ a‘irg{/g%g%%@?dﬁvg g)gﬁaf]:%bg%lgcé%o@&ng to a first
embddftHGRioPthedinvent@l. Nt of contact in accordance with the

I rst enbodi nent of the invention. [0043] Fig. 6B

f
P ' V4 ] idi® Q] aeRcceri e Hbecond
ons U505 SRR N abetdcthg] e A aoRriceomblien obecon
embdlinediows a cross-sectional view of the adjacent cables

of Fig. separated by an air pocket. [0045] Fig. 6D

[003@@‘@’.5 4@ sHoWaSarS 89lhigedros¢isewicifal Wivey afljaambid acablies tof third
i g. 6A separated by another air pocket. -11-[0046]
embddigent/ is a cross-sectional view of longitudinally

adj acent cabl es according to the first alternate o
[003¢TBigdiDemnbws an enlarged cross-sectional view of a cable and a filler according to

the embodiment of Figure 4A in combination with a second filler.

[0040] Fig. 5A shows an enlarged cross-sectional view of a filler according to the first

embodiment of the invention.

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

embodiment.

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

contact in accordance with the first embodiment of the invention.

[0043] Fig. 6B shows a cross-sectional view of the adjacent cables of Fig. 6A at a

different point of contact.

[0044] Fig. 6C shows a cross-sectional view of the adjacent cables of Fig. 0A 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.

A11-



[0047] Fig. 8 is a cross-sectional view of
| ongi tudinally adjacent cables and fillers using the
wa@eooagsrent of Figure 4D. [0048] Fig. 9A is aPCT/US2004/034073
cross-sectional view of the third enbodi ment of
tw sted adj acent cables configured to distance the
cables' long lay length twisted pairs. [0049] Fig. 9
i s anot her cross-sectional view of the tw sted
adj acent cables of Fig. at a different position al ong
i r-longitudinall [ j O
r00diciey 7 i Pt el Y L PAE Ricent LIRS ackbiling to the
first AR BMb6dIRMeas of Figs, 9A- 9B at a different
position along their |ongitudinally extending
1en )Rddti ddal vieW ¢ 8&n® 881604 fillers usin
00 B T R gty vsine
the agatiiehiett efiFignrsildi on al ong their |ongitudinally
extendi ng sections. [0052] Fig. 10 shows an enl arged
[0048] ﬁ%s OREEL b QARL-s¥EeMDTvidw Galthe thied ehtbodimén o faisted adjacent
enbodi nent. [0053] Fig. H A shows an enl arged
cablasrcosfigwed ta chilaahcwﬂ@wagl’esh@}lééﬂé/d@ﬂgiblﬁ‘f‘f@éeda@%@r ding to
the third enbodi nrent of the invention. [0054] Fig. B

[00481BMWS 9B s elthdrgesk scycotcna i ofthb twistad asfjacehecabtis af Eig. 9A at
cables of Fig. witha helical tw

tha t | twi st applied to each of
a dilferrnt papidier along g longftodissily P?f‘ﬁ‘?dshiés‘%ﬁlm a chart of a
variation of twist rate applied over a |length of the
[0050 hBige 9C26 anctheratbsrysactionaleviewrob therfstitted pippqnt cebles of Figs. 9A-

DESCRI PTION | . | NT JCTI OF. E
9B s AP ORB OB S HIBUARE T RIS AL Pt es i n
eneral to cables confjgured tq accura

[, d ,
(0053} Figs OBvis e L o &wo*éﬁl%reé Sﬁ%ﬁ?@ calgs.pf Ljgs. 9A-
FlEPEeRyo; ) pee: &t o
oC 43 IR RisAAREARo R Aiirpli) BRSSARG BRI GR T 2 o o
ool g5 50 e s B B PRI i 0 e

embl gglg.ﬁﬁg)fl ty of the data signals. A Cabled Goup View
F 057] Referring nowto the drawings, Fig. 1 shows a

[005%? ﬁgg eﬁtA' yheo»\)/si ﬁ%nqgrg%d%sfsgctional view of adjacent cables according to

the third embodiment of the invention.

[0054] Fig. 11B shows an enlarged cross-sectional view of the adjacent cables of Fig.

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

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

120 according to one embodiment.

DETAILED DESCRIPTION
L INTRODUCTION OF ELEMENTS AND DEFINITIONS

[0056]  The present invention relates in general to cables configured to accurately and

efficiently propagate high-speed data signals, such as data signals approaching and

surpassing data rates of 10 gigabits per second. Specifically, the cables can be configured
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group, shown generally at 100, that includes two

cabl es 120 positioned generally along parallel axes,
wo@rooso#353 udi nal | y adj acent to each other. ThePCHDE®84/034073

120 are configured to create points of contact 140 and

air pockets 160 between the cables 120. As shown in

Fig. 1, the cables 120 can be i ndependently tw sted

about their own |ongitudi nal axes. The cabl es 120 may

be rotated at dissimlar twist rates. Further, the

o it e BRSPS AP 96 BNl s o

dat@kigh#ls. the twist rate can be neasured by the distance
of a conplete twist cycle, which is referred to as | ay

| engt h es 120 include el evated points
al o%g th{e?@égﬁgﬁed%& referred .to as ridges ?80
[Oogle t|n %ﬁh cabl es asesthe ri dges, 18
oFepifls Pl i e B o AR g oo de et & cabled
grods?, Qhoﬁ/ﬁsgéh&ﬂaﬂ‘ﬁ at N0bhhat ARk Qﬁ/ocgab% 929 r#osﬁﬁ)‘ﬁ%?'ﬁéncl‘glgl along

and t he points of cont act 140 at di ere ocat i“ons
paralled axest heldngﬁgcﬂmﬂy reljabgnter teecid dihgr. c Thé esbldL 020 Iﬂ&e:onﬁgul ed to

crefJh GG Qg dA0rT AT oo V] HgEGeT e BPIENED. As shown in
Figl M &k %@bl@@tib@%aﬁz& ﬁﬁleﬂe SiuAE %13{«5{35 u%%@ Itl‘ﬁi?r &%8 l{){]é@dmal axes.

nest i ng together. The tables 120
The ¢aipbpesi 20whiy he roOthipas atl @6sitndllip twisc raas eFlﬁﬂﬂ&r,dtlﬁtta/ﬁHt @ate of each

en the tw ste conduct or a rs 240 (not shown
Cabg’e’t@ gy Vary oyer Flrf‘e &Y §31112@gf Atf t%ﬁ@@%&@%cﬁsgarmed above,

the @Jvi@f‘ﬁtet c!?iﬁ b%qgéagﬁréh% tgta Qlﬁst e ? g%égéfctl% e%ha%rls referred

bet ween the cables 12 er| ‘
to apbyKextgsh.160 hel p i ncrease the di st ance bet ween t he
tw sted conductor pairs 240 of the cables 120. [0059]

[0058] maXhetcabiaglidhendlhdd @pefed Rﬂin&aﬂbné UG ert é’iﬂgﬁé referred to as
rotati ons, between the sheathed cables 120, the

ridgepd 80 .f @rhéﬁWEStlﬁéthlé}é@rCQM@ b@cﬂaesesma@ndg@pb&ﬂ talbelicallyerotate along

{ ed t
the BlieElled, B cadt Bl 100 EURlY i e EPaERr dhe T Bl fithana the
ifit® of o@Etk 240 hoan{¥ ot
pot ptsgpagat ed al ong fjti!ﬁrclathgabl egﬁ%@%g@#ﬁgﬁéﬁ %ﬁ&t{&ng ?ables 120.

Thet ridges| 80deelp marxansess thai distanee beivreenghe icablesh é”Qp @admﬁtauy, the

erefore
o608 o 0B, SR B0 TSR e e b Sord 2 togethr
The wb[e@al%ﬁﬁuéh shBNseHheRaiNRE 'wathateRt 1880 ﬂ&% ;
exarTLE the i n%?eased di'st ances bet ween teﬁlz ca ° Fl‘EHdrstance
betwgen elt\plsteéonméuaror @naire 248 <neil shobmt weeRig B¢ of akw %)leZISZIZO At
non- c%n ac pomps along the cables 120, the air pockets 160 are formed between the
cables 120. Like the ridges 180, the air pockets 160 help increase the distance between

the twisted conductor pairs 240 of the cables 120.

[0059] By maximizing the distance, in part through twist rotations, between the
sheathed cables 120, the interference between the cables 120, especially the effects of
alien crosstalk, is reduced. As mentioned, capacitive and inductive interference fields are

known to emanate from the high-speed data signals being propagated along the cables
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effects of alien crosstalk are inversely proportiona
to distance. [0060] Al though Fig. 1 shows two cabl es
WA 2®5/044865 cabl ed group 100 nmay include any nunPer/Usf004/034073
cabl es 120. The cabl ed group 100 may i nclude single
cable 120. In sone enbodi nents, two cables 120 are
positi oned al ong generally parallel |ongitudinal axes
over at |east a predefined distance. |In other
enbodi nents, nore than two cables 120 are positioned
al ong generally ral.l el |ongitudinal axes _over at
120. | he Sirepan o cter RSt (BZESEHOBM B SEaS b NSt the data
. ! . o §
s s L e s by
incredsm s Eigtncdsbedivbar adjntxad carlat $20.t Fer exbhpls, th2(neneased distances

benwasgehe cablss 120 Eleeim[dggg ogn g !Qefgw?%ﬁ@i%ﬂ%’gféﬁ B tiause the
The cab) . eonti ; -
cttecfi Sl et kA e W PtoRarERI Lo BiERey O 3¢ Mo k
LAl ity. | nmbogli t h d
10060150 PATEBA Fig LONS V8 SEER 120116 FIURT Ao R fiP et any
num&?%{[ Caliiks 92(93%?%9&68%%&3 100 Aal ShIRAK 2 GaipIeIBaBlY 1201 €n some

configuration of the cabl'es 120, including their
embddirdénts dival cables 120 atepositivndd deong gendrally erpllel nagitudinal axes

ovr 3 et ToRBN W Dok RS S B o o
positRiné 'aﬁ)'ﬁ‘g ggﬁ’éﬁﬁg gar-ghgl l%ﬂgxlt@diﬁfﬁ QxENEVIGE Feadt the ph&lefid@@distance.
gu to par at e nunb d

confi er of the tw ste

In seadeabalimprtss sh24fledefimd distaace ed Boteas metdrelangitst ebn some
pairs 240," "the irs 240," and "the cahl ed . .
exibente bR paasert R 2D i gepgncer Ll TEaRE: 3 Gtheg ppbodiments,
the ng;yggjgpm?wst&fl%?m%@e filler 200 extends generally

al O u

ng a longlt nal axis, such as the | ongitudi nal

is.f one of the,tw s 240. ' —
00, 7 s @ erih 4D a3 Moo O I B AT Sifmonicatons
applicafonds00G8E chBRd Boubeth( andys be 4dnfigiretiefor nie pancenthiyications
and helically twsted about individual |ongitudinal,
netwarkss suchhas 2 Wcel etpapratverlodeA N hgomauaiyt  JRgereheabeqigignts, the

can BRI b BRIt 1h 21 B TS BRI ooneca

in a ARSRHE LGmMAREY Ut RBhfigirafién 6Ltheldables 420 2including theis timdlvidual
pair 240a is twisted nore tightly than
twist rates, will be further explained below.

B. Cable View

[0062] Fig. 2 shows a perspective view of an embodiment of the cable 120, with a
cutaway section exposed. The cable 120 includes a filler 200 configured to separate a
number of the twisted conductor pairs 240 (also referred to as ;‘the twisted pairs 240,”
“the pairs 240,” and “the cabled embodiments 240™), including twisted pair 240a and
twisted pair 240b. The filler 200 extends generally along a longitudinal axis, such as the
longitudinal axis of one of the twisted pairs 240. A jacket 260 surrounds the filler 200
and the twisted pairs 240.
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the twisted pair 240b (i.e., the twi sted pair 240a has
a shorter lay length than the tw sted pair 240b).
wabws/ 04388 twi sted pair 240a can be said to haR€T/ES2004/034073

short lay length, and the twi sted pair 240b to have a
long lay length. By having different lay |lengths, the

twi sted pair 240a and the twi sted pair 240b mnim ze

t he nunber of parallel crossover points that are known

to readily carry crosstal k noise. [0064] As shown in

ig. ] 0.iphclu I i call t at.i
10063, & Ty gt BRieE A ki B RERpIRINT AL e, B8 abou
indivithallongi th g inkesd iThaltw oxted patth24@ alaly e H2Ringaish&Efrom each other
tw sted about the longitudinal axis at various cable

by being twesest Bk generallyhdistianilis idsteritashae. tdiereay lave tngethsopver a

e T EPUFa A4 555t AL UL DR PPl
the tWidRHSak240b$1.&NBk tRRRA phir 2RDL had %ﬁértefr@ﬁyeiengﬂlhﬁan the twisted
i ndividual lay Iengths of the twi sted pairs 240 are

pair Z46b)-t difwel, theibwigted lae 2808 eanl D sajdrio have arshiogfula dength, and the

. beneficially affect.the | engt.hs the tw sted .
it P 2500t0 douf S gl  RRBRE ooy it the twiseed
pair 298 Al BRAviRled S4iAEAM i MniRe e Rintbet %9?51%’1&1! &8gbler (})oints that

l[imtations. [0065] Fig. 2 also shows the filler 200
are kinevi trelehgilyt cairytcessstaltkonepisa. | ongi t udi nal axis. The
filler 200 can be twisted at different or variable
[0064]Wi stAsrsabws ieFNY, the pateldel20riacludésstha hekcallhaonidp Mgy 180 that
the filler 200 is configured to be flexible and rigid
rotates g igj gable 126 ist Wyisted adpost aglopgiseding! ani st Thatcebleag%ﬂ can be

-twist#c;l %oglg {@88@1111@1&'%%53%5%\%1&%3%{)1% rl%g#gla’néw.s.z .it’ s%ﬁ%@éo‘e an-BIPeed that the

eno

lay leigetl bf emouge L2y affenigtite ihdividuamdyhiengths of bk &hBtelibhirs 240.
bet ween adj acent cabl es 120. By way of exanple only,
When ﬂlesléwéer@ﬁfb@fﬂhﬁé‘ﬁblﬁ,lizph@ horieasd Gitorgwish raledhandividusl lay
. ) PR OX it e r .
eng UL BTG AOATEE  OR AR B LA S o
beneflidlaldy afféct tthe fagengditrcofadic paskepaird 890, dhrhfdonfighraBOfs will be
w Il be further discussed in relation to Fig. 4A
furth¢ryrpbiineriia relptiandp troambled 20 fay lpagth dimitiiongan i ncl ude
any material that neets industry standards. The filler
[0065]an ot abse shows ile filder (206 hedidaliy twistedodbaube longitudinal axis.

e 550 880 B M LS RELSS Vi, it along  prodefind
sl RS ELHRETIE 0 O M TE . g
twistimgogydifferen( &ER) ratef land rigidt fed npenthinimg det diffesane twist rates. The
filler%%loys?lggl%ybleetrv]v?s’teda ento}.llgli i?eI., B.la\lljeog gI%gjl %gg{xgh lay length, to form the air
pockets 160 between adjacent cables 120. By way of example only, in some
embodiments, the filler 200 is twisted at a lay length of no more than approximately one-

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

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

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

standards. The filler can comprise but is not limited to any of the following:
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flame retardant pol ypropyl ene, and other thernoplastic

materials. Simlarly, the jacket 260 may conprise any
wOoraiosnssmss t hat nmeets industry standards, incl uPCHYSHENY034073

of the materials |listed above. [0067] The cable 120

can be configured to satisfy industry standards, such

as safety, electrical, and dinensional standards. In

some enbodi ments, the cable 120 conprises a horizonta

or backbone network cable 120. In such enbodi nents,

polyibfeiiPRy; o FRERGET PRI S B G e ol loes . it A Yostytene.
polyiRyTE cghasi (&), 4 MRagfREbeflARR kdardheh PWCARGrinkRd ethylene

sone enbodi nents, the cable 120 is riser rated. In
propyeree (@ ofliorentes], petflsometiyéeneamlypropyishs. ¢d Bpd . of oropolymer,

advant age ener at ed by, t configurations of. t .
Rame S aer A PRI HEP LU BP0 G e rUPEM G g Jocket
260 ﬁia?' cbrisE anlMnglcel RRM" m¥bi@Vint0QE8ktahiidtds, incRudtng any of the

perspective view of one of the twi'sted pairs 240. As
mateshlomstedmbéiteg. 3, the cabl ed enbodi nent 240 i ncl udes

two conductors 300 individually insulated by

[006"}8:1’15 uhrab @aSle 320 chaleonfifaetad shigsfasndustts wtandbms, SR8 ") safety,
ne conductor 300 and its surrounding insulator 320
electriead, 4rel dimensignal wiandewist Jgspmerempadimenis. e waple 120 comprises a

o SRR kLS, A0 B R e a0 co

confisBRdlt8 ¥atlsen@kilstiyldaf@l; stan@arawifGiiegizpfial ndd#rk tableoldd. In some
enbodi nent’s, the twsted pair 240 is shielded. [0069

embahmentthetcableplris pougaritese Ipwoseambadingpte dhe cglg{y 123) is riser

ths. | [ ' i
e S 538 SR SALTIO0 e s A 1R e o by
the cORMPLUrE@OHE AMicScaBle BR05RECintes chplMine@BEIoW {nlkferditeSOFE:. 4A.
enbodi ments, the lay length (L) of the twi sted pair

24p. Var‘il‘%sft&?(ﬁﬁiraﬂfﬁwti on or all of the | ongitudinal
oT

di stance o e twsted pair 240, which distance may b

a predefined distanc | e . e T
ook 8 B8P ERTLEES, b b Bl A et o e
3, tHeScaBRIY @XbsMnShty24@ MndfBdeRI tvd Botductts S00Ughividagy Hnfubated by

correct propagation of signals as a consequence of .
insulatoes r320a(eddoerefetsl tp 0w7 instagon Wi AY &d PAP rcopdpctonciPlgand its
conformto t i ndust r t.an [ [
sumSBL P eh 2 S5 0000 B Y e SRR 00 e
insuREE @0 RGYa 10nBRuEAA0MGE. OFEy. 30Rsther indicates the diameter (d) and the
lay length (L) of the twisted pair 240. In some embodiments, the twisted pair 240 is

shielded.

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

pair 240, which distance may be a predefined distance or length. By way of example
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and insulators 320 are configured to have good
physi cal and el ectrical characteristics that at | east

W@ 2105083853 he i ndustry standards. It is known tP@Er/us2004/034073
bal anced twi sted pair 240 hel ps to cancel out the
interference fields that are generated in and about
its active conductors 300. Accordingly, the sizes of
t he conductors 300 and the insulators 320 should be
configured to pronote bal ance between the conductors

300. [0071] Accordingly, i aneter of e
only,d some eBbeUETnis e PRET figed At Gicer “BROR B E g metelS to allow

oo e TSP B

b SSASELERE TP IS b, A o
stanc*ag@su%o@eﬂﬁ rﬁ)ﬁ%osmcs BP tHeweRaP pkirve 400 nRebiatrgYy, sh@edadutsors 300

ments, the dinensions, or size, of the

and ig@llhiess 3Rara ndnﬂtgleed todmRp goedtphys;gaimnyl elgictical nbmgqtpgzstlcs that
di nensi onal st andards f

at le@u sHishg thmnq@tﬁyé&qggla]alﬁd?tdp tﬁgg%ﬁ%lagﬂagl taw %Jél? 230 helps
to can eel oeg%ésﬁlféffe éﬁ%ﬁ'ld%ri?ét apd %@gé}ﬁ@% ih el udsushafdaedonductors

/or Category 6 cables

300. arpctcﬁmﬁgayt méssmdsmfsmamoedtkmdrsn%@ sndtthe 1s§uwtgorst 33thehould be
conductors 300 is pbetween #22 Anerican Wre Gage (AWG
configyedie @romeie b[aquﬂ)etﬁs@hthef:oflﬂ'éﬂef&r?@@ct ors 300 of the

twi sted pair 240 can ri se any conductlve mat eri al
[007t1h at mmt@nglmdustmgm@c caehsof the eradnichers F0P angt the dfameter of
ted to cop condu tors 30 0
g L e

conc%i&%g g@@%ﬁ%@ iR A6 Jéﬂfsthe fwinee pat au&taqmemhmnm efthe cable
I 'ame retardant pol g propyl ene FRPP% %
120 dem,pomqncqoewmmb enedu(cHDPE) apd [thginsplpiash 82¢.shpuld comply with

mdu@'%;%aggqqg§ E\%-X%)n%rpeﬁxp dﬂfganl% gbﬁqad&lpgns%rg%y of &Y e, PsQRY lzﬁﬁgs 120 and
thenletcEﬂﬁlp&%’tsC BbQ E}t Giidh! Hehest byhemtodEGlodhrdsafud RhdS cables and

oss secti onal View of Cable $0073 Fig
conbAtarhonechans dRI-45 gecksc au plagset | Bhapmei eRbedineRis, c@p| ’é‘dusu'y

bS8 0, L PR S D AV PPy
cabl%%%%@% 1%19?[0?5” dIntsIBﬁlet Mhtidasenta) the sPAQHE, the 48iuck4O800 is between

ctively "the twisted pairs 240") to form

#22tAme1¢cah|WuamgemWCﬁ)mr@t#édApWGs 240a, 240b, 240c,
24Qd can be

[0072] Each of the conductors 300 of the twisted pair 240 can comprise any
conductive material that meets industry standards, including but not limited to copper
conductors 300. The insulator 320 may comnprise but is not limited to thermoplastics,
fluoropolymer materials, flame retardant polyethylene (FRPE), flame retardant
polypropylene (FRPP), high density polyethylene (HDPE), polypropylene (PP),
perfluoralkoxy (PFA), fluorinated ethylene propylene (FEP) in solid or foamed form,
foamed ethylene-chlorotrifluoroethylene (ECTFE), and the like.
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di sti ngui shed by having dissimlar lay |lengths. Wile
the twi sted pairs 240a, 240b, 240c, 24Qd nmay have
wale@sisssar | ay | engths, they should be tw st epPCT/NS1004034073
same direction in order to mnimze inpedance
m smat ches, either all tw sted pairs 240 having a
right-hand twist or a left-hand twist. The |ay |engths
of the twisted pairs 240b, 240d are preferably
simlar, and the lay lengths of the twisted pairs
240a, 240c are preferably simlar. In sone
enBodi nEress-seetipnal Yjew eﬁg'@ﬁie of the twisted pairs -
240a, 240c are less than the lay lengths of the -
[0073i s tFégl 4Fasivosys2xm0inlar@etOdross-sectignhl vapyoefi thepalle 128 @ccording to

. twisted pai 240a,. 240c can be referred to he
o firs g dPagt eiBraitioR 2 bunat Fsria 0 DeaBekelpnl Nipgunds the
Tled W N n r 1 -0al@ S : -
e LS EHER SRACH 08T, TRt gt s
2407y wbsfoenh i casbl@4i20ar &hshowmisteslepaict i246hy 240si 24%nefilidncan be
. the cable 120 to minimze ali crosstal k, The
distingisbed DY B2pEE CHSWHIT JIOFIEME: Miis B (AT DB 4R P40h 2400,
f jos: : e o b&-ion i
o 4571l LSGURESH, MO 0098l e, A Geion
ordemmfnﬂh{)m yimg?edﬂns? Irﬁmi‘i%m, qﬂ&ld [2Y: nWisttﬁlﬁgpairss?,@dmmgda right-hand
regi on being. configured to selectively.r i ve an
twisw??s'éf@apért%}seuﬂ‘a? Divieasth og She tvnigd DFiRE Sﬁﬁ@i%‘ﬁg 3G prfferably
.. | . e A
s g B O PR Db .y ome

embadigents] theFiydlengdiBs of the tividte@ pai20P4(zaA40meleless tharc thieday lengths
410 and a nunber of filler divjders 400 that extend

of the A9isid BAIGLAYRR €0k dih stiFfe cbodimars. the MYiSHE RATEEPRetftOc can
be r&gﬁ]&? H@Qgﬁr sthtolﬂgr fa?rrlgnéh]r Qylted %ir% I4bg! 2400 ahd th% twisted pairs
POSIti at a po the

one nt approximately central to
240, \W46H edn paireier2dQo aThke londeelaR BRgftutwised pain| 240bs 240d. The

_nunmber of |egs 415 extending radially o tvvars fromthe
twisigg naira 240 arpshoyin seleelyohy pesisigned ih treCailsilel Jagpinimize alien
ia ; [ . . £ inl 0L Vi .
cros M MR E8AND, AR B DD RS e

belolveg 415 -18-is at | east generally ' equal to
approximately the dianmeter of the twi sted pair 240

[007_?%' ecfileVEldt 00Sdahi RNSStitRMeacBMe R twisted 9ird 280, N8R 40tler 200
e legs 415 and the core 410 of the filler 200 can be

mayrfefre regohs; suchsasaquadsipt mgicnsopadO@givn bdieg tonfignred @oselectively
e g Hib S0 Er SR RLAT T SBBey Hk Rl sroves
alongAhe idhgi bf HRMRQG0bN GhitiegrodvBass RONsel 188 tRAed pairs 240. As-
shown in Fig. 4A, the filler 200 can include a core 410 and a number of filler dividers 400
that extend radially outward from the core 410. In some preferred embodiments, the core
410 of the filler 200 is positioned at a point approximately central to the twisted pairs
240. The filler 200 further inéludes a number of legs 415 extending radially outward
from the core 410. The twisted pairs 240 can be positioned adjacent to the legs 410

and/or the filler dividers 400. In some preferred embodiments, the length of each leg 415
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that conprises the |egs 415, the dividers 400, and the

core of the filler 200. In sone enbodi nents, the base
wW@esi0eiss500 i ncl udes any part of the filler 2POr/URRD4/034073

does not extend beyond the dianeter of the tw sted

pairs 240, while the twisted pairs 240 are sel ectively

housed by the regions forned by the filler 200.

Accordingly, the twisted pairs 240 shoul d be

posi ti oned adjacent to the legs 415 of the base

is atfGhgt Goheamlly’ Bgnel 110 PRIROSRAEn en QARSI OF ﬁ%g%i%bs?acf Gair 240
selecflbéﬂ/ 581&&6%21%819?& téa%al 4489b (collectively "the filler

sl ons ext en ng radially outmard in

[00753'p2f: ThF g Sce Rty T0n! ol 200 b’ Be oRegdas 2 buse

porti®P500 SMhe 8ler dte EFWAQ%I 8R eﬂﬁpgemrédaeseb@&la{l YRwWBYthe filler 200
extend radially fromthe base portion 500

accordtngl te éﬂsﬂ fiest pméd@mene dInglitge |5A thesfi¢ra200 inpludegya base portlon 500

that Qﬂ F% me F: hggg%h éﬁ{lgéfgleégﬂf géhg ng@g())(g %ﬁ:t fllnaxy 2&) In some
embdﬂﬁﬁéiﬁg 'tﬁ‘@gas%)ﬂ)ﬁmn 90 ihN18AESABNPIOF HECRet QO@tHa?H&éshhot extend

| e the predefined extent of the extension
beyomdstha dmnqehome tivistegloprars el oy hiterths twistisl pmssd%}ﬂ] medselectwely

housgi i 16 asEts IORBOciPBE REr 2P0 AcCeingle the bbied pai 20 hould
be po%ﬂﬂn&?yogs nme thB ek ah b 8F t10hse Exnfaﬁ sd@gaf@h@ﬁﬁaeidoned

ext ent | east” appr oxi mat e di st ance,

1007411 RREFHDE %éél?e%“fﬁg AP e 4 ?E@éﬁ&y of iler

exten@ﬁl)h‘s e4520£20t2by @BneédtivelynOtHeh gilidt Sdxediefonb e 3@ Y NesttbiRling radially
respective tw sted pairs 240 of the adjacent cables

Outwalﬁon diferyemit]direptipns£pons theviansa pp@f@riﬂ@e an Ei?Q@‘tleﬂﬂ!B extending from

the l% ffi?.ﬁf i?ﬁ agggasﬁ “ctlclmogo ’]Zel%s tlegﬁca 1 4 t%x?elﬁ% él%b rrp% extend
radxa%l_ﬂ Suthasd away? et iR&Ass xﬁ@arﬁdoyat RSt bl;@é&ﬁn@a Rkeat. 120 shown
e reference point 425 is located at a certain |ength

in Figwhé adokiet RA, ther lsngthoofohet predefiniedeqxtamonay e Kiffereniafor each

and he erre the ref gnee o] .
exterif POATL DEEHRRSGTEL e diSeioR BRI G, waie
the pk&@ﬁﬂécﬁexthﬁt &t the fextehSodands, is &qgﬁgtﬁrmpdm&hé enifddudénts, the

he reference point 425 at a position that is

prededingd ghigatiof the extehsioe 42@ iallehst appioxdxatelit eneyqenrier g diameter
of. t di a t.he. house

of onp f (SR Pl KoL GER e P By el BRRGe insefaent of

at ledsPaROlih B @ i @ stafel, BRSHlier dxiédsicioAd0 bedsetteler 200, thereby

helping to decrease alien crosstalk between adjacent cables 120 by maximizing the

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

[0077]  Fig. 4A shows a reference point 425 located at a position on each leg 415 of
the filler 200. The reference point 425 is useful for measuring the distance between
adjacently positioned cables 120. The reference point 425 is located at a certain length
away from the core 410 of the filler 200. In Fig. 4A and other preferred embodiments,
the reference point 425 is located at approximately the midpoint of each leg 415. In other
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tw sted pairs 240. For exanple, the filler 200 can
i ncl ude curved shapes and edges that generally fit to
W b@sskspe of the twi sted pairs 240. Accordi ngPgT/US1084/034073

twisted pairs 240 are able to nest snugly against the
filler 200 and within the regions. For exanple, Fig.
4A shows that the filler 200 may include concave
curves configured to house the twi sted pairs 240. By
tightly housing the twisted pairs 240, the filler 200
hel ps to generally fix the tw sted alrs 240 in

wordgossing embadimientisdefleds the seipieacapRiphde) o AgOBHipn that is distanced

o 09 RS H 08 B0 P35 e o o o

hous?@ﬂﬁg{eh wird bade further discussed bel ow.- [0079] The
| er 200 can be offset. Specifi caIIy the filler

[007%%t en@eoﬂle%%or?ﬂy e sif_éf)@& t@%&ﬁ‘ﬁ%&ﬁ tﬁ% ré%ﬁmé tbeﬁftirlgll}? house the

exa e fil

twisted peis Rems Féﬁ&ca@ﬁl@ﬂﬁsflbaymﬂdceannduicbrcmmmmpest hmi edges that
cross-sectional -area of at | east one of_ t

genepalyrfit to Alte shape ehthedpistad nairs 24Pe ,Acg@r@xag]gsa-{eeﬁglste& pairs 240 are
r def 1 .
B e

shov%xfhﬁf‘ &ie0ﬂ11&2ﬂm fxl endsddbestieatt tiees rcoafigaedtb duake e avisted
of the twisted palr 240b and the twi sted

pairs P49. dBy ttighde hpwing therfwisted pairs 3495 i Hllex a00 ihfrﬂpggﬁ?g’ggeraﬂy fix
e GYSEhEl, 2800 RS AR 6 GHOSARARE SRl fimiing

1mpécﬁﬁce5j BSHAMRS adaE2hpachbeamBngtey over hefleddtirof ekd estde dﬁ@ which
420 may be different |lengths, e.g., the extension

beneffie gkl e @ther idiscugsedibdeWt han t he extension length (E2).
As a result, the filler extension 420a has a
[0070] os s’flsaeﬁnéloam can ba dffsett Bpedifivaigr thérdillet legtension 420 may be

i RTITEATC
420 %&t%ﬁ&st l?ély% E)F ofdid eQﬂ thePdrb@sebti @S Lad AR tMBESe of the twisted

acen es 12 can be further mnimzed by
palr@fzﬁle etvhiohglehpth fsi ﬂefm’ede)OasbgheapredEEfmd exteinhi dumpther words, the

t. A di
exeB A B st SR B0 TR cShpsion dgpperenc
0.
e, G Sk, AL S Bl i 1t L i 881y e
distdf@@ (Be}.Waenirhitdd fasiby, mwfﬁlbedxteﬁﬂemdﬁ}%lbemmmhﬂbmndzbe Cross-

The ai kets 160 shoul d be | |
* sectifgihbtn o1 dhe FuRS B A08 BGenO T oA 0 D e saee E2)
A L5 8 Bk B 0 i s
(E1§ is| dr&dter tﬂ&{)tlﬁfex&ﬂjslaﬁ eariotic@y) e A s B28sult, the filler extension 4202 has a

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

[0080]  The offset filler 200 helps minimize alien crosstalk. In addition, alien
crosstalk between adjacent cables 120 can be further minimized by offsetting the filler |
200 by at least a minimum amount. Accordingly, the extension lengths of symmetrically
positioned filler extensions 420 should be different to offset the filler 200. The filler 200
should be offset enough to help form the air pockets 160 between helically twisted
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can function to distance the |longer lay length tw sted
pairs 240b, 240d of one of the cables 120 farther away
w0 c@sesssi de adj acent noi se sources, such as BCDES2004/034073

proximty cabling enbodi ments, than are the shorter

lay length twi sted pairs 240a, 240c. For exanple, in

sone enbodi nents, the extension length (El) is
approximately two tinmes the extension length (E2). By

way of exanple only, in sone enbodi nents, the

adJac?e)](}E gaﬁelsson ! e &utp%g}(e)ég( é()ngf %8 F@Eﬁéﬁﬁé{gﬁl%?q? gélgc£gnta1n at least

o PR e AR o s

lengf(ljhet)ﬂthé &dj hdgﬁt d:abl‘@ QStr)] Bf(ﬁchiﬁmm mhalﬂfdﬁﬁmt EﬁleraaBOanzadJ EtChEt cables 120

i stance between the |on ength pairs. 2

can fyrgtiamyo m@xcuéhea&qnge%}a Pirnedenoaiicl 145 40k one of the
hqul = | e

Cabl‘ifzh)%%i rﬂ? %W?% qfr ent’ Fseng %%t%(lt)tnog? g%tu;%éﬁe%ﬁhl %(Sfagl%é gﬁ%{mﬂty

cablinBeerhbddifkne X ttRAsiro rthe 4R0rtaf 1dshéengeh ItmsleZD ppmrse 2d40ab240c. For
extend at |east a mi nimum extensiaon. | eng

exarmiﬁx m@gmarembpﬁ@lemr% fherexisesiondPpsis (EéblssaBB’tﬂXHn%tﬁlYeW& times the
d f
B S5 TR o A PO e i

1eng€hd(}§1961§1 tapﬁ@h n@&tel} 04t fekesarieOTehingalahy thevesterdon Wrigth (E2) is
air pockets 160 can help maintain_at |east

aPPrapmaiedv Pe2einphiasi(BaRS ave) aéébﬁwpa%éhﬁ &n&e&fﬁﬁlﬁ@th pairs 240D,
abl.es oV redef,
260f SHAEEDE SR TRARL R sl L PRboh PORIE LIRSS, e ganc
betweRAthe 1AL l@ﬁeﬁéﬂ?geﬁts' 24!66 Bl g Dukide ﬁiji@ﬂdﬁolb&éwmbs
the outer edge o cross-sectional area of at | east

e o fill askenddRs A0QLE F different
[008(1? ﬁo%?@%re&et?& %{Cﬁl}gﬁ%allﬁgm?twlst ed €:pal r ° 240, eret
lengyits tb @ffsktehé fillat 200, thaifilleR dGensotrodikof thdjcalde 120 peeferably extend

PRI T T R T
exte%xﬁio%& ar% %gﬁﬁ%%eéu%e We%m@tfed%aﬁh 2B RbugH toQREp ﬂfrm the air

e fect s of t ext ensi on | engths
pockdth 160 twaadadjirenodabiestl 20 ithdt ere RElG-ably twismh whichsait ppdkets 160
w Il be further discussed bel ow. . 00824 h
can chedR gnaa@in Ghdsash 2B ARPFORINALS IUPERUB P e&%ﬁ‘? " gistange Fejugen the

adj Qntrlﬁ#)%cs: al?P f?&eﬁtl&?t Pfé eﬂr OdTRBaGeHih ! FRr ‘éﬁ%ﬁlezgpsome preferred

peci extensi on 420 of the cab
embbddneasn at Ehstumeafi kiar filéat exengions Hadiexnseds badmelltheyouter edge of a

outward toward the jacket 260, .to h rall
croSHReci b 88 op 8 I3 90 of Meoerter BRI b b it ottt of the

diaB0e &S of trfesafl Mted'baﬁ'zgro, While Hiawisted pair 240 is housed adjacent to

the filler 200. In other preferred embodiments, an air pocket 160 is formed having a

maximum extent of at least 0.1 times the diameter of a diameter of one of the cables 120.
The effects of the extension lengths (E1, E2) and the offset filler 200 on alien crosstalk

will be further discussed below.

[0082]  The cross-sectional area of the filler 200 can be enlarged to help improve the
performance of the cable 200. Specifically, the filler extension 420 of the cable 120 can
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filler extensions 420a, 420b can be expanded to
conprise different cross-sectional areas.

wep@sioiissal |y, by enlargi ng the cross-secti onaPCHUSHE4/034073
of the filler 200, the undesirable effects of
i npedance m smat ch and capacitive unbal ance are
m nim zed, thereby making the cable 120 capabl e of
perform ng at high data rates while maintaining signha
integrity. These benefits will be further discussed

be creiEh i oDt BAIBEERTCE G LS dRket 2 | AeReETomYy fix
the t‘p{g%eidg)aﬁjs 9yl %oéiﬂ@n jg%"t%%pe%@ﬁ) b drdofat. YAS showy &8 Fid1@A, the
[ 420. T

I "ext ensrons e curvature of the outer
filleredaasions 4203 4200 bar beestpandddotoscodish different cionpeepiional areas.
the performance of the cable 120 by m nim zj .
Specifispldyiab €nleraig tan SLsiier AP aticRs 6 i ey, QY the undesirable

0SS ok GRck Yo ahd | | S b ideACHREby mali
SR RREAE iafilsh hd LG APAp B A bl i
the c@blE 120 cht®lcaicefolmhgan tighedwea stdsywlilexntatietainompsigeaitistegrity.
of the cable 120 in position, including the positions

Thespbenefiss will b Bthpadisaisseddelgt-h respect to one anot her.

In some preferred enbodi nents, the jacket 260 is
[0083)o np Festhemn thef duttremtigey ef theHfdler iekleasiomotR @ van tReurvadste sypport

' ; fit of th i b L | :
o E3 3 o ST 3 0 e WL g 0
The ég&agu‘?%g}ét tlﬂg Juité}_g@tge;%@ @k Akt ierRioh€r420/aRIRS tof RAprove the

he riddges 180 are el evated at different .
perfdigiagtyt of abe enlole NP0t by trhimithizingt krspeskaneehenisiiakehes and capacitive

unb aiq)g)‘tc g n éII’ %\ln,éqaﬁézi%%fgﬁmg Eg‘.lmé]}’ égfgrfl%gbedacltﬁeﬁh ?gr():,] gl?egﬁﬁqsrge%tén%ions 420
reduggr glsézaﬁ'%cfuﬁ? 8P gbie ﬁw]cégle' fﬁooirﬂeffenteﬁllg euae @dﬂrl]ﬁfhents of the cable

etween adj acent cables 120, which
120 ¢hposicvrr instudmgnibie| pdsitiohsrafhtbe tdisteupaesl 2481 with @O one

SRR W BRI TR
fillexlt g%cﬂalgg &g@fggg@aﬁ%}mi(ﬁr TR dedeSit P Qnde S hAABED]HVIES further

the ridge 180b. As nentioned above, -
disciidsed bglowe 120 can be a particul ar size or .di aneter

such that it conplies with certain industry standards.

[0084PT  eRR Ml exichQofedTl0e otk Chemodsd 80 alhg ethe nateredppbf s cable
wth Category 5, Category 5e, and/or Category

6 ,
120.- Phe tidgdsi IB0deniclovasecbat difigrenalipights ascarging tomhs/lengths o the filler
enbodi frent,s, .t he .di.ane} er 1)...0 I [ :
eXtefsipus @ﬁnA@_s&gwpﬁgt@% {% g:%%a ¢ {80hNE nEAR! Bev#la an"Re ridge
180b. This helps to offset the cables 120 in order to reduce alien crosstalk between

adjacent cables 120, which characteristic will be further discussed below.

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

cable 120 may be a size that complies with Category 5, Category Se, and/or Category 6
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[0086] By conplying with existing dinmensiona
standards for unshielded twi sted pair cables, the

W@ 295045820 can easily be used to replace exi stPEmyUS2004/034073
cabl es. For exanple, the cable 120 can readily be
substituted for a category 6 unshielded cable in a
net wor k of communi cati on devices, thereby helping to
i ncrease the avail abl e data propagati on speeds between
the devices. Further, the cable 120 can be readily
connectable wth existj connect or _devi ces

unshigided pables. TRy vay ¢fexam e D1y 00 EoTFe REY9 Iﬁ’ﬁ‘?%\fgg 3i?éneter (D1) of
oy ! ¢ ot

the o IF T O R R s MR o v 1111 o

s 050 L SRR P ] SRRt

cabldihe REBTDEH0 Bin £dslil BE usHl18 RS RR2XILAR THRY IR E Fed Sﬁqrﬁﬂe,d the cable

I ncrease the distances between cables 120 positione
120 pamxeadityebe cubstiumdofoner caSgoryl @Grunghidliddd erblexinensieimork of

RETERIETTIEREAENE - LAY A
betwb&E tld ddvides@XEGRREOME ABR TRdUmesR ORIKT écﬁﬁ'éé‘ta@lfet Vﬁgh existing

Interference by 1 ncreasing the distancé between
conneébt edevi2®. ahd shemeenbdhusenhs, cabhe 120 | ean 2@1p i suprove the

offset to facilitate the (%i st anci n%f o{( t he cables 120

COMIRENICRAEONS §BPeCs Debiren deviFss AL PKITHEE PSIYBESt ed. The of f set
filler 200 then hel ps isolate a particul ar cable's 120

[00871ni stAdthopgh g4 shewmtwpdillariextengions <128 lothps rankadigents can

. anot her cable's 120 tw st pair 38
il (RS FmERR S eofitoll bl SEARRLER Bns P chd fumber of
fillerleX®nsfong 820 ABy4e BbOW MakhRUbe dishhesLhdtwesh oghlsedGpafitioned

the cable 120. Fig. 4B shows an enl arged .
proxgnds s ene prather. \Similady, filles giicasiop042@ of difderant erosigpilar lengths

econ e,i]bo iment... The.cable 120 ..sh i Fi :
can i%ﬁ c‘}sﬁg‘es he %ﬁqﬁéﬂf Ifﬁﬁxdef t?gﬁﬂeleﬂcﬁ%ﬁ égg%et%r ecéd){%égiszqymb.g fihe filles
exteffihst 4V088dhdek RS effoti LHShRASreAOb R iceBdiniythRVEMahdediBtween the
the | egs 415 and beyond the cross-sectional areas of

cableshB20: winssomee prabediney®, theddler 800 dheffselge fagiitatn dhe distancing of
t reference. poi 415... The filler Q' can.functiqn

the qapfes 190 61 FrabliR a0 S BAuEUE I boEs: TR EF SHE50 filn hetos

isoldtd bl RkicAOR cablRed Wl REisRE IpRirh 240 Groth $haAtien %%s@ﬁéﬂﬂgbﬂerated by
posi‘ti oned cables 120' from one another. -23-[0089]

anotBnvabletd 420 tRiged padrssdOws an enl arged cross-secti onal

. view of a cable 120" according to a third enbodi nent,
[0088hi chT« dhlseratt2éXaniphesl ofdetBeraerhibddirent? OdF" thed dableal 20y rifigs. 4B-4C

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

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

to distance adjacently positioned cables 120’ from one another.
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of legs 415 and one filler extension 420 extending

away fromone o f the |egs 415 and beyond the
wee@sm4eTti onal area of at | east one of the tREBUSH04/034073

pairs 240. The | egs 415 include the reference points

425. In other enbodinents, the |egs 415 shown in Fig.

4C can be filler dividers 400. The filler 200" can

also function in any o f the ways that the filler 200

can function. [0090] Fig. 5B shows an enl arged

oss-.sectiopal view of the filler 200 accordi to "
10030 it artenbiga e o SaRRdiFosrsotall Tl ¢ p e 120
accog#igg;v,' tF it GhHAEmantP ¥R&hReblel 20" 3 uddkaY finék 200MUWREBa number

egs 415 and the extension 420 extending away from
of ldehet15asd qerftlleprx®0€itn 430 extendimgsgyenyi fromadteyof dwalegs 415 and

fromone of the legs,._415 o f the, base rtio 00,
beyoprghe SesRHETIGHFY Dbkt G5 FahS A BLPHFOR4 The legs 415
; ' e ' Sents] NS ;
vt 8 Rk B 080 hghis ednBBenl s B4 SR nfE i 4
can B fitlexdividess 400t HEhepfiBete200 edn @lsbdnctidmint iy ehiedwapnthat the

~shown in Fig. 5B, the filler 200" includes four |egs
fillen209 ¢antfANGtieB- t wi st ed pairs 240 adjacent to the |egs

415. Each of the |egs 415 of the base gorti_on 500" .
[0090hc| UdegsSB Keowsedeendareed piopnsectioml viow ol thefifiers 20Q" gecording to

0Q can be confiqured in othe S L odis ' .
the iR EA o0 NG g, b s déE 206L cith HeARAL Abase, gortion
5008 ROMB: ARufbEALUREs 819884 SR GRRIN AI0eeidiidawesTrém the base

120 and the filléer 200 according to the enbodi nent of

portfing3004 andi moreosporifiaallye rawaly tihoma odé fof éheekegs il f | @f thedse portion
osi tioned along t cab 120.. The £iller .20Q"" can. P
500f oBige P S B PiBoar0 Rroierinsicate e poligy 500"
i | ; 1y th

e GAIBALERAD GLehy gt fo g DroReh 00 f Ky it e

predeéitekenierid mthernibpdiphent eloveralhl Eg 3B ghe fidlen 20Nt i_mchid@s four legs
415 Sy e Sistoupiin o4 Aot So hérlpas 4150 TRAER of g s S| of the base

portiRAI088 inkiet HTeReskE point guet her. The filler 200"" may
e positioned along any enbodinent of the cable 120.

o . o > ot DS .
ok 2575 TR VI 5,000 B s
posiflonédeableabl20s Ho2@xamplehFigs 4Dhehoestandiniaped crobowectional view of

Fi (_?s. 4A- 4D, are able tog adequately nmaint g][gn t he, L
the rahie 42G end the Tilles 209 gecosdias do edngqcbzﬁlgptsof gﬂﬂA in combination

wiﬂ-& égddg élgeﬁgglﬂérﬁ g?](? 'g rofsfd%ﬁed: %angsth‘J: %gbleTff). ¢ él'lﬂE ¢511290 &an be

ormance fGue to a
helically twisted about along the cable 120, or any component of the cable 120. By being

positioned along the cable 120, the filler 200"" can be positioned in between adjacently
placed cables 120 and maintain a distance between them. As the filler 200"" helically
twists about the cable 120, it prevents adjacent cables 120 from nesting together. The
filler 200"" may be positioned along any embodiment of the cable 120. In some

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

[0092]  The configuration of the cables 120, such as the embodiments shown in Figs.
4A-AD, are able to adequately maintain the integrity of the high-speed data signals being
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nunber of features, including but not limted to the
followng. First, the cable configurations help to
W0 p@seesss t he di stance between the tw sted pai PGI/BE&D00634073

adj acent cabl es 120, thereby reducing the effects of
alien crosstal k. Second, the cables 120 can be

configured to increase the distance between the

radi ati ng sources that are nost prone to alien

crosstalk, e.g., the longer lay length tw sted pairs

prop%%?egl’ qvéﬁ{?@é:agﬁglg% pt eTe %a[‘:b?egl l?.g) L?%erz?aﬁgﬁ% g?&%%ﬁﬁg{%%%ﬁ% e to a
num%éﬁ"éﬁf §EatRRL " SnchftfindYout MYt ONinfted tibethe OflowiNCY Farfst,t e cable

ectric properties of the materials surrounding the
configuisioas! hpli tosin2#se toudisthncet baiweerbths wiged pAirpe240 of adjacent

cablagvigp. (N EHCEYE RERR S HIRgroniet P B FAPRE P gan be
conf%suietdsmﬁgpcg%@ete[ﬁé A8t MR BORREA $he RVMBANYRBHcENBaE AR thobtProne to

ereby reducing signal "attenuati on.
alienFdrbiskulk tehe, thahorsr b lengantwisted paiis. g0e840d Thigdcetaables 120

nunber of instances of parallel twiste ai s 240, .
sy B GHEGAGI GENPSIY e PGS CaEPg ERyEeh i fiisied pairs 240
iR e i RlprRstids! iaBd Qi @Eng th
by R OB R LD £ AR T BARHRY Syt e
twistedPafabi@s Hod@hydhk lcatile U260 eandbs carfigaced to thinitizerthe variations in

detail. E . Distance Maxjmzation [.0093]..The cables .

impedagee Avehats clsgthghy éﬂalf“élqll’ilgqi%%? i’gy%'ﬁag ﬂ?”&?:?a??othe ofable 120
- ' L e | ang) ) ki $ilkRal attenuation.

confh BRI e 0L B0 e lnd) Rk e avcnuation
Fiftlc 2Bt @8be2020 Spe dicf tadilghied tbheddiesthansimigr of indtencesholeparallel

120 reduces the effects of alien crqsst LK. o AS i th
twistadn Dish et Calpng, langeudiaghl 1adinsentofalife [20e|eS  Jiimizing the

cause. al el | | STRAE FearhBIUMH alREnt
occ%ng%se%t ﬁoggbq%égf‘? ai%gel 1%:&8}#:@ eﬁﬁ‘rrll |r{’/4|3§§{al T@ﬁag%at hlgl [ calal y ages
of theMablegd 2aaNaogaratiahisyd pafatheetetsikes as shown in Fig.

1 such that the points of contact 140 and the air

pogket s fi6Rneb MUkilkativl- 1 are forned at various
positions along the adjacent cables 120. The cabl es

0 ' 480020584 BE propagati
100857t THg PRI T G 13 opABeel 16 hHBRS(E g5 6P propagating
higldlk st speelsivy metiatiing teadiffigze Hbtwokadbe diingtypairat240 of adjacent

vari ous positions along.the Iongi{udi al .axe

t .
cablgslj130e rﬁpe@ﬁiﬁag¥, tho (glisﬁgy:lqgo% theg¢ables ol qefl%c‘gaé éhei 5?8%‘3}&[ of alien
crogsgaglg? %{]ste%g%tyl/&}%ﬂ hdve, HHE rrﬁagatqig&cfeg tor GRPEERIs 128 &ade ABen crosstalk

e alir poc

weaken with distance.

[0094] The adjacent cables 120 can be individually and helically twisted along
generally parallel axes as shown in Fig. 1 such that the points of contact 140 and the air
pockets 160 shown in Fig. 1 are formed at various positions along the adjacent cables
120. The cables 120 may be twisted so that the ridges 180 form the points of contact 140
between the cables 120, as discussed in relation to Fig. 1. Accordingly, at various
positions along the longitudinal axes, the adjacent cables 120 may touch at their ridges

180. At non-contact points, the adjacent cables 120 can be separated by the air pockets

5.



-25-160. The cables 120 nmay be configured to increase
the di stance between their tw sted pairs 240 at both
wao b@spaisss s of contact 140 and the non- cont act PEDUS1084/034073
t hereby reducing alien crosstalk. In addition, by
using a random zed helical twisting for different
adj acent cabl es 120, the distance between the adj acent
cables 120 is nmaxim zed b y discouragi ng nesting of
the adj acent cables 120 in relation to one another.

o BT PGBy e e
pairs Pg(?] ét?RgtﬁQHe Pgﬂl@@f RtALEM0 AP theaRAVG@Ntdch Boin@NEBErebRYeducing

tw sted pairs 240b, 240d are nore prone to
alien edosstalke Tosddisibk, bihesmga sntlbmizstdetical tvasying dorglifferent adjacent

twi sted pairs_240a, 240¢. Accaqrdi y, the.cab)es,. 120 .
cabletriglh i ST IOpRRIES ERECTURLR 1oy oTEiGanDT Sougeine

nesti@frtﬁe %%%%&gagb%fl@b‘?ﬁ(héﬁfo% th®nt BEothat gest filler

ens each cable 120 to further distance

h | h twist ' 40D, 2 Thi

009955 FORESE s leF 198 Bt B SR LSRR g Mok onger

lay 1eRBIRAQTBE PaicaDhCD, DUDET AR QRHBbndd gbslies tHRNGAgd GhPREIEh twisted
a

jacently positioned cables 120 can be maxim zed bl}: .
pairs 240 t2340d arhmorlprave in alisalsresstallo thagtarelihprshergitlay dengsh twisted

i B O el 50 1 120 By LT e
tengtfichibtdd Bai¥@D A 2408 phdi@mealen8r the aligsst 1AR: Sxhai®PY420a of each

di scouraging a nesting alignment of the cables 120 in _
cabler EXto dinrther dinnem dich mgerAtyoledgthgiwisted Huaitg X40dy, #0d.  This

day.len s.of. the adjacent cables 120 help to prevent
COnﬁ%‘t“}‘/*H?%?}’glﬁjF%\BEI}WEEWW@%@?&?‘%‘e adj acent cabl es 120. For
exanpl e, the_adjacent cables 120 shown in Fig. 1 have
di ffereht | Jjandomized Cablechwishr e t he nunber and si ze

of the air pockets 160 fornmed between the cables 120,
[009Gr e Thx idivtaned befvoB0 Z1jaTenslycpasitiongd Galdeh 1o cavhe imgarmgzed by

. 1o help.ensure . th adj acent | | aced sub ctions of
vt HE B SRRE 1 50 DRSO Bl IS BY, SFEHRE sl
diffefeeﬁi Resih@NRalt 6t dn8 e a@feacéﬁi%aﬁl@b 13@ 64 heGign TAtH MeSvalleys of

nd, the cable 120 may be helical Iy twisted al ong at ]
the othensable 120, ¢lrréhyndistdueaginete refsting ali gmdng of the catithe 120 in relation

helical tw sting includes or sj on rqtation pf
to ong P ek pgoraingin Ryt Plallr B e By R i 120 to
diti ot di BuRiset B ASRE Shel 2B afBY cBSley AND E IRQVEK: ' the adjacent
prey r?r edef | ngd eengtlﬁgso th%? the cable lay length of theJ
cables dB3Dahd® ieFigdrhave different lay lengths. Therefore, the number and size of

the air pockets 160 formed between the cables 120 are maximized.

{0097] The cable 120 can be configured to help ensure that adjacently placed sub-
sections of the cable 120 do not have the same twist rate at any point along the length of
the sub-sections. To this end, the cable 120 may be helically twisted along at least a
predefined length of the cable 120. The helical twisting includes a torsional rotation of
the cable about a generally longitudinal axis. The helical twisting of the cable 120 may
be varied over the predefined length so that the cable lay length of the cable 120 either
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- 26-conti nuously increases or continuously decreases

over the predefined |length. For exanple, the cable 120
woregnshessswi sted at a certain cable |ay | engt h BCT/EHS2004/034073

first point along the cable 120. The cable lay | ength

can continuously decrease (the cable 120 is tw sted

tighter) along points of the cable 120 as a second

poi nt al ong the cable 120 is approached. As the tw st

of the cable 120 tightens, the di stances between the

contiBHEG BT, CoRERTTIR, SErReEa P e PP aTRE ety For

exampte OtHeaBRPP0AhALDE fWiSted WDa Seilaif @able A lengthcht talfirst pcnnt along
ub-sections are positioned adjacent to one anot

the cdbide 120ibThe ctblofay lofigthivan cominonsly dgereashdifecapls i@r zs_sn fwisted

nghte?fgilarggllgg srﬁ)gr}?eﬁafﬁﬁéblag g%'gﬁsj)% Rt a‘cl’o (%]tﬁe §élfg%§ﬁﬁs a Eﬁoached.

As th%atg‘}@tsofli?ng c%@ler Blo atniéis bigr eRtantat B@:weéxh ﬂ’(@e&px’rahﬁgi wicicg 180
‘alien crosstal k between the sub-sections by maxi m

alongfthe cabls a0 decrtmb wEemsetthently, hen therpredeiined lqngly efithe cablge 120
twi st rates of the sub ctions hel p _mni

s s iaBR, Sheb a5 WO AGERAR A o oo

anoth??tt%esﬂb—s HQ)T%%EAB?Q%2@V\@1‘H fhe @redstichsd hengkths. This

|msn s, the average distance between the
discoatzpse e msaaetmﬂsxfmm atsingriogethoi brcguse Xbe aidgesatiy of theneables

120 pURBRHAHFoEL i PEPURPRNE R FressEl o RSt e pab sedribhs by
max1ﬁuﬁggfth9 gstzﬁfgngt hﬂ)eeﬁ ihdhle Bt el @RreY 8Wist Bes of the sub-

I he 98] Because the cable 120 is
sect1c5‘rfs| Het@hlityintind slteadzrmtaﬂabbdnmw:unmgw egtaitadveraga dgstapce fretween

def d | h he fi]l h
the sgpl;:gec?@hggmr tgg ggejdgf@;géﬁe I % i%ﬁmﬂg eﬂt}a E{ntée\éﬂss %da\%rage distance

betwg r{ {hgscgt%gg'rgﬂ%‘{?%%e xjt%ﬁezencl‘: ?Smfté by £br 8. oftiResddesli®d is at least

ket 260 can be tw sted such
one-ﬁanﬁthet biciance of preclkngth dfaey phmnglah $iller extsinsiherd20 (the predefined

conti nuously incre sed F ously decreased over
exterg) Of@ﬁﬂb‘@‘ﬁ%‘oﬁ?%\@é R qf’élﬁg ‘n sone enbodi nents,

the jacket 260 is a(gplled over the filler 200 and
[00981i st&@am the cablg 1 2hischebieosth wagpd At TandomlcyryIpg FaleyRlong the

pred@afoﬁgedj %at | Onl%gdl sz atﬁaﬁwgs%q%ggélﬁc bltj(? le%ld?(gct\g!e 35&&@? 2?{) can be
thst%@gohgsﬂ%ﬁdﬁu‘élys t1efds, tHe B116:02008 &&CtWﬂstékg e, andAsr the Jacket 260
the“tw st ed pairs 240 recei ved within filler

can ﬁ@mmed suth thaaﬁ@ﬁxwemumlamlengm%@rwlmﬁ pontigupnsky inggpased or
one her ractic ndo
oG LR BT g RBEREL P, AR,
Jackit BMefoVeMind fillek 200 ddderviifiedk phird1as0 begdomptesdod Fit such
ave hg added ,
that the apphcation of the jacket 260 includes a twisting of the jacket 260 that causes the
tightly received filler 200 to be twisted in a corresponding manner. As a result, the
twisted pairs 240 received within filler 200 are ultimately helically twisted with respect to
one another. In practice, randomizing the lay lengths of the twisted pairs 240 once jacket
260 is applied such as by a twisting of the jacket has been found to have the added

advantage or minimizing the re-introduction, of air within cable 120. In contrast, other
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advantage or mnimzing the re-introduction of air
Wi thin cable 120. In contrast, other -27-approaches to
WO a00do#aszat i on typically increase air content,P@iUsivo4/034073

may actual ly increase undesirable cross-tal k. The

I mportance of mnimzing air content is discussed

bel ow in Section G 2. Nevertheless, in sone

enbodi ments, a twisting of the filler 200

i ndependently of the jacket 260 causes the tw sted

pairs 240 received within the filler to be helically,
aPPIQARNSSY f@oramrﬁlzefé@w@tcailbs IHHEASE A0t %f@nn[%é@]m%@}mlly increase
- unde@¥Ri@blosd WISt TRY dborthiRe RRMifinkiZ e i CiRerllls BILAERR below in

or Inrtral preéedefinhe ay lengt f each of the
SectibiM St2d Neaeitigelsdd0.in Themé werabedtimpatisy 2 24/istiare of atheedillyy 200
~_approximately the same rate at each point al onig the
indepsndensty ¢fche askef 200 cyeesrthe &Wisked naEs daf rersévedsvithia the filler to

nt .of .torsi t Wi lied by the overall
beheﬁ{é?l:lj}ééYlgttengvé hirﬁgp%g#toﬂ\g%%be\nt%%?ed pairs 240. In response
ot appl i.cation of the tarsional tw.st rate, the .

100995, " B GFBrel i¥isia of revciBley B B e b Rl psfetiped 1ay
lengtfiebf ¥ WY RIS phi0O3400N AR thlstead Bl 1449 Wil lvdiRa b
engtﬁur{ hg?h ﬁcuss\gﬁ inpr elation to Fi 53. % I B. The Y Y

apprguimdedy thedsabrengtehatahcl beinc along thepredéfidedaesgthb&he rate can be
further di scusged inrelatio

. Figs. 1A-11B.. 2.. .
definpi o 1 GmBBhOBETSPBR 1007 #Ryed Py AbEaverllpdian Biisting of the

- o ti . . . . i
i D5 25 Rl 4 ol 108 bl okl et oy e
of eaelriof cienmuisted HaitshZi( chaegdsi cocertaldi geouBAThE ushtdwm and its benefits

it RSB E oo vohos oo Pk 4ol oTnd AR RHSFREEE the cabe
120 \}vnﬁaﬁé, bt RipEX LEORLANS réléﬁm‘f aﬁmbﬁ 19@nfigured to :

ncrease t I stance tween the tw sted pairs 240 of

adj acent, cables. 1 thereby minimzing alien
crosst a#k ati’9ws§tg?%?t§g€)f contact 140. [00101] In

ig. 6A the nearest twi sted pairs 240.0f th bl es
001980 £ S5 S By EHROERREL e & 9t ongiundly aiiacent and
helcaffy L SRTlcl DA SELITR oG Ykt R oW PonliOh, Thes. oA
6B sB6@.cross-debigonmbblesvs I Ghposbles d20 stuokmgian dHifgrentGpiintshef contact

fi]ller extensions Oa of the caples 120 increase.the
140. g At thgec PRBHORSe 1he %’i@héé%@fm% ﬁ?&w&a Beafqfigsieg [ ipgfgase the

dista@?&%{)&ﬁ/eég gr}eb@@iét)é‘ﬁ paird 240 Sf(%(gﬁk%%lp E‘aﬂl@sn%{g ey nngjlﬁgnsizing alien

sest reference polnts 4 the adj acent "ca
crosst2R astievgointnofcatac6M@ir e

[00101] In Fig. 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
between the nearest twisted pairs 240 of the cables 120 by twice the extension length
(E1). The closest reference points 425 of the adjacent cables 120 shown in Fig. 6A are
separated by the distance S1'.
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separated by the distance SI'. -28-[00102] In Fig. 6A
t he adj acent cables 120 are positioned such that their
w0 e®peesive | onger lay |length tw sted pairs 24POT/U2000034073

are nore proximate to each other than are the shorter

lay length twi sted pairs 240a, 240c of the cables 120.
Because the longer lay length twi sted pairs 240b, 24(d
are nore prone to alien crosstalk than are the shorter
lay length twi sted pairs 240a, 240c, the larger filler

ext ensi ons 420a of the cables 120 are selectiv

001081 T Birte A, Shopadiorent crries cALais PRstioned Suph et ey prspsctive
longeggﬂg]gggrhjgé t%ﬁag%q%fgbﬁs? aﬁﬁh{cﬁe ﬁger 1%49%8% ! ﬂ'l'élethan are the

shortt‘:xwlazt 18flotR alviste HRlkbs 2%9140& of e cAbdseR201 2Beeavae fthe ﬂdnger lay
separated at the point of contact 140 s

length etistduepaiis 240 dAidrage BorRBroBe 62 8lie) Wopkd gém%ill %rﬁ:éfgﬁ Sh%tef lay
tengtBrt5eAtert ohies, AP A05 I Tard R has RS p Bl thd Bables 120 are

X weer onger

E%é& RprBRAldE %c?e’ﬁ@&i didAfkt bebwear thienghger ld)hength twisted
Selec#ﬁfl?y& 12100 caﬁblsel ectively receive and house the

paust V40bt @d0daf e @ables ik 6ng@ﬂyt fe loaegrelay |lgneth dyygted pairs
4
a0 S0 R s S0 R FREE Bt SRS Bt 140 shown i

Fig. bANGhd %F: ébé/ R8hdh s hlidOérogh iR Ghivieh heth NiliTiotien gvaatis, ahe cables
Crosst a ﬁ etween the worst sources of alien crossta

120 bed beeonfipeed dblprevide Maximwe jepangtien bayvecarige Horgw é@sze amgth
pairs 240b,

st el 2400 2041 o5o0RS B LRELNT JNBEAT Sap At 5epivg gpd hovse
the t%stéch}g 215 3ADE Fol Ehnl1ONEe Fohgér'la*l%ﬂ gﬁahsnstémpdﬁsgmoaj?szmcmay be

t twsted pairs e cables 120 are
. posigenrdr rab&qbrdwmataetoda bngemféle@ s2ipnsicn 420. sThis dunqtiop)is helpful for

effeé%@h%pgy%gégb@ g%))sstgﬁdltathgert We%oéé? o é%lhof aherll( crosstalk
bem%@f? the diblel§ 26 atih@lo]a%é? 19;%%&%@&@%%0@ moafsB t he

['er extensions 4 he cables 120 increase the

[0013&;@' o 1g1 E% 5%19 s 51J3§st %@%rﬁ? LidWof Eﬁ?ﬁh&a%d'n?t 31455&£ctt1|3f§ of the

WI ce e extensi on

cablEi Pﬁ?ﬁ%ﬂé gHeBrleMNaRs. plihl M 5B e ma‘ardshemaldﬂ@aemﬂME abth®$ables 120
shown in Fi g. are separated by the distance

S2\
are SEe@@IlaMi] byl the Ris¢ance Eﬁz)t Héle géftance lﬁﬁsz)ce&ff}f‘]éélpﬁr%nﬁ?t% y two times the
d h. |
sumy %ts r;\{a Iﬁx e 1g§ C %lé?ﬁ%) @ggcgé tl%ﬁ%‘%@ég Erﬂé e ’%&&"t bgh. TAMhe cable 120

re proximte to
posfRidh sheleih Fi%a@mftﬁe tfiNer leRRgaond 4300 eh ghd cables tléﬂ increase the
pairs 240b, Od of the cables 120. The_shorter %
dlsthImaQIehNeen the nearest twisted pairs 240 of the cables 120 by twice the extension
length (E2). The closest reference points 425 of the adjacent cables 120 shown in Fig. 6B

are separated by the distance S2".

[00104] In Fig. 6B, the adjacent cables 120 are positioned such that their respective
shorter lay length twisted pairs 240a, 240c are more proximate to each other than are the
longer lay ]engtﬁ twisted pairs 240b, 240d of the cables 120. The shorter lay length
twisted pairs 240a, 240c of the cables 120 are separated at the point of contact 140 shown
in Fig. 6B by at least the lengths of the filler extensions 420b, thereby reducing alien

9.



tw sted pairs 240a, 240c of the cables 120 are

separated at the point of contact 140 shown in Fig. 6B
whyooan4dsenst the | engths of the filler extensiPCiEFULRD0H034073

t hereby reducing alien -29-crosstal k between them

Because the shorter lay length tw sted pairs 240a,

240c are less prone to alien crosstalk than are the

| onger lay length twi sted pairs 240b, 24Cd, the

smal ler filler extensions 420b of the cables 120 are

| ect Ly t t
crossiprgrrneiubraa At Panosisdiel VORRER el B0y 7i0e gro tess
prone:d{oS Gl %s&!ﬁﬁvt‘ﬁan RS fiRARRdediayt RAGR iviste® p2irh @4Pb,uR40d, the

or reducing alien crosstalk bet ween t he | onger | ay

smallbefiliérrextassohe d2@nof the 2410lbs 1201@@ selpREvely @p@umeqﬁletwda&ty&e the
filler extension a
s R 0 bl a0 o

& AN A6 e TefsstRIkOMdtWBdrethe longer lay
mcre%sg?%mg%m{%ﬁg néé f . 3. I\%g;ﬂ]‘ cont ac% Poi nt s 00105]
lengthr bgRted§fair® R4GH) G.%Dcd:.r ’(Bherefmez;tthea}amer fillenexterisionsd20x Bf the cables

120 at non-cont act t heir

120 ar¢rospdl tp égya{rqt@ﬁge loggfg ?qyglsp%tglt\flzsgadc%s I()Eg%d&gau p%%tl?ns where
h d f
they é.rgcr%esgﬁfoﬂlﬁgtf f%&% Ekmg@ the twisted pairs 240 o

ormng the air pockets 160
betvveen t he abI es, 1 ereby minimzing alien
crosst at'k atﬁ?'ﬁgmb%‘l ﬁ%g%“h{] contact 140. Wen the

acent cables 120 are i.nd pendentl

; |
100165 o £C 601 TeheAOT R ENTaTeT e HE CPliS 1701 fopen-contct
pomtﬁ %lgﬁ]s'ﬂ?enls leﬁé%shekp tﬁé%lé rBanﬁ)n'S“ thePOBKRt 520L86h BY configured to

event the cables 120 from nesti ng
mcreh&gt@ta hfsltancé\ﬁetddesm tiesedktabpaiss, 240 hnf sldjjlpgtta:p,blleﬁé by gqyfmng the

sir poekess 1GopannPenTaIcoHG: LRG ot Finiane A7aY SRR ok e points
of co&?&t §30.1 g@hegt\ag %%gieﬁﬂ_@?ol@é {20086 Kﬁde%eﬂ&ﬁﬂy &t *h@ﬁ@dlghﬁlsted at

stance tw sted pairs 240 of the cables
diffed2d cableday GéEgatsove fillar ogensimst420nkdlp oy tef air meckets 160 by
adj acent cabl es 120 segwr at ed ular a

elpmacleepreyey e aisssidl ERGHIEE KEPPCT orfgl (RIS cbove. tis
dlstagaﬁn t gr%{:t @éb er}ﬁaq%ieg' rbald :gsshgﬁ‘tt @b thflionk $n ¥k rotdti@n along

re separated by the air pocket
the 1888 tuditbil beesaff tidyablesdgdtion, the air pocket 160 forned

by the helically rotating rldges 180 functions to

t&ﬂiee it P& KBRS0 RE s Bealibtwhcet Bekwean KR tﬂfi@ed)iﬁamsédﬁ of the
[001@52 228 p(';Fhe  ength of the air pocket 160 i

cablent202 a&gd6@| lsvesn erobesostional iy gﬁjﬁhs@émelﬁ&ablég laozﬁﬁpalra.ﬁf?d by
a pa?tllc%lar%% poc et 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

distance formed by the air pocket 160 is effective for isolating the adjacent cables 120
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di stance between the nearest twi sted pairs 240 of the
cables 120 at this position is indicated by the
waelr@samsss (S3). Because air has excel | ent i nsuP@r/U82904/034073

properties, the distance forned by the air pocket 160

is effective for isolating the adjacent cables 120
-30-fromalien crosstalk. | Fig. 6C, the closest
reference points 425 of the adjacent cables 120 are
separated by the distance S3'. [00107] The cables 120

som S5 B0a L 5860 5 518 R Pl AL SR et
120 ald& Qllage %ggﬁta}l@g)swe formed to distance the tw sted
pal Ps ﬁl

e cables 120, thereby helping to reduce

oy kSR LR, SO FR PS8R Rt 20 o

not s%;%gat@d bR figér e?dténsi@% koo, théQirglookngs 6@ ke foaned tomﬂstlaﬂde the
engths. Simlar to the p05|t|on shown in Fig. he

tw1stcrhpﬂlss’24ﬂzﬁ the catiles. 120Dtherabydeinipgtosgduse alisa oacPSﬁtaBb*aa&\@?en the

gg As discussed i relation to Fig. 6C, the air
cableg fet 160 shown in Fi g. 6D functions to di stance the
nearest tw sted pairs 240_of th

[00108]st Kis: SDbsroRserCroteseronal yiew @? é’aj ageqt rcgglﬁﬁg&g?t qogher air
pock%tal%az @?g@ loﬁéi]t'uﬁz’gﬂf)ﬁhgtg@sihr&la{r@m RioR%hbRE in Fig. 6C, the

i 51 e closest reference

cableB QR0 o8 Fp BD0dre %é’tﬁm@li Bﬁéﬁtauqaiakﬁsmﬂ)z G\sache:uswpam aetlﬁdmkiy Fig.
t he di stance S4' OOlOQb AIthou h F| % d
6C, tbp@m packeteHisbehaventsFigr 6 hf@n%%‘ls Q dissg e 6%8?3”5 twiste pairs

240 ?t':g.g gg@%&‘@zo grhé R0 'bgéx{e%ﬁ Qhé:ﬁ'%r&? reRRkl S Qdoto@ ihe cables

stances ween e twsted pairs
120 &f thadpasit isGabicasd B4Qhe Bixanex {84)l eln BignbDe tlmacrloﬁsyleﬁeﬁence
filler extension 420 configurations can be sed to
poinisd2f ek the adirsed ebles d 80 Brst SRRUACE R ﬂ%\edﬁlét@%‘fﬁ abl es 120
' The filler 200 can include different nunbers and siz
[00168] t hdttfaukh emgsemeﬁbu smsv mlfmw@mbmnlﬁnmcchrthauc\ablaeﬂ%() “other

o0 G oA A6 ) 1550 e
twm%E i)?aﬂgl 24 @f aﬁﬁﬁc‘:éﬁ% c&lﬁesdltﬁj apGexhipleadivateRirid Bf ﬁﬁer%%@ensmn

complyi'ng with the industry standards for cable
420 sorfeguedtiodss anebe nsed manmeaseem disseappbetween ge adjacgntgcables 120.

Cross-sect.iaon ew. of i tudin a
The S5 S0EBriBHGE C11oraTe PUREER g BB Rk ToF Of o Y2 ERd the
fﬂlef ﬁVﬁl@fs' Jhaihz@e E&Hig%?edltg Q)mv%ﬁ%uhg‘ of ddjacert &dResN0. The filler
loned simlarly to the cables 120 shown in Figs
200 Gz&t ﬁBludEamba shiipet dradesizil that helps to distance the adjacent cables 120 while

complying with the industry standards for cable size or diameter.

[00110] For example, Fig. 7 is a cross-sectional view of longitudinally adjacent cables
120" according to the second embodiment of the invention. The cables 120’ shown in Fig.
7 can be positioned similarly to the cables 120 shown in Figs. 6A-6D. Each of the cables
120" includes the jacket 260 surrounding the filler 200", the filler divider 400, the filler
extensions 420, and the twisted pairs 240. The cables 120" also include the ridges 180
formed along the jackets 260 by the filler extensions 420. The elevated ridges 180 help to
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120" includes the jacket 260 surrounding the filler
200", the filler divider 400, the filler extensions
W@ 2®5/0e3885 t he tw sted pairs 240. The cabl es 12PCT/EE®04/034073
include the ridges 180 formed al ong the jackets 260 by
the filler extensions 420. The el evated ridges 180
help to -31-increase the distance between the
tw stedpairs 240 of the adjacent cables 120 because
t he points of contact 140 between the cables 120

occur at the ridges 180 of the cabl es, 120 '[:0?2101%4 In
increaBe the distamcedietweds the twpigted paiss 2Heaf thy rdigcenticablps cause the

o SRR P 0B 5 I, AR s g baa
100115y i s 68 80205 s HEEpHI PHemryciR) (it extend
beyor{gin %:gg ectpﬁla g@h{ é(f sto‘fﬁegtgfetﬂe E{Q,Jj irsCR4Y. €Bhel&ler dhsions

ances etvvee tw sted pairs 240
420 i®¥id, hQ:aﬁ r’—f@ﬂnﬁﬁmlﬁ @ny of the Mays d?spuﬂshé ablost, ambeashelpiegto prevent
the nearest tw sted pairs 240 of the cab

nestingef helicalhetvyslied tad;@pené erhlexc120] apd increasipedhe %t%ﬁ}est I?ﬁiween the
tmstedjm Qz@hétstg, I\é\@:% g%b'{ 21?] r’70)f dé@fﬁ\%hé’%lf)%@ﬁg% gﬁéznéar@t twisted

pairs RAG ke thedRBlck NeoCA e of 18 ponilfh)é cohtastelt0 is éddicaertley the chstance
poi nts 425 of the adjacent cables 120" shown

(S5), avhichsie paprenatsly tedinersshapua ofthe cEIDulgneh g o hibkness
I
or oS JRLE 3 kgt aP0) A S SRRSO 128 B e coic
120'3%% s ¥ PR VieparAes ®F dhd @lsyance 86'. clihd ezblélsZDZO’ smow-an in Fig. 7
- can be conflguredto mnimze alien cros

can sgereomezy pPsition ghe evisiad eairaPdbel diffssat datlns Iln GI‘lé\‘R,f e ways

i tudi nal | dj I
mscugﬁg, a.bo g ﬁ‘@ %{y tgnjﬁ%)ﬁrggg 2(5} %?E@% 71% @Eoﬁf{ﬁg{deisd %ngmlze
ahen%?&%lk n Fl g. 8 are d| stanced by the helically
twsting filler 200"" in any of the ways di scussed

[001%0\/%1% ;kt ilrs gah%fn%eggecfﬁ} ofsidetidHAl view SFahe tdrghadinhny adie@nt cables

The present cable configurations
120 grithetillery m)@”%ugngthedmgnmmnt ofhFigy 4bx &hedqah@s 20 shown in Fig.
sel ective positi on|n sted
8 arepqéﬂ@mqeid,bg tg helically tyd [jng filae er O:QVM {%rgft Flysscg )F]ﬁsae,d above in
relatlguﬁ n% and 24Qd can be |ndependently twi sted at
& lay lengths. In Fig. 4A, the twisted pair

d h h |
I e gt hsgfﬁﬁﬁv?ﬁéﬁ%{"gﬁ%é\g% mé%ﬁ?%ng?\rgg gf otr:]:rt vma)s/t ed

[0011’31]I r ’%ﬂg bpraeggntt Qaeblet: V\éo?x igura 18‘1'15r c%g'Odnumnnze signal degradation by

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

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

are oriented at relatively smaller angles from a parallel orientation. On the other hand,
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[00114] As nentioned above, crosstalk nore readily
affects the twisted pairs 240 with long | ay | engths
whewsnssss he conductors 300 f long |ay | ength PeU/ES®A4/034073

pairs 240b, 24Cd are oriented at relatively smaller
angles froma parallel orientation. On the other hand,
-32-shorter lay length tw sted pairs 240a, 240c have

hi gher angl es of separation between their conductors

300, and are, therefore, farther from being parall el

o 5 BRSPS OBt o
condglg%?sf BHO,PArR 418, HeRFSleakditHeP Fond beinkbhahld andi less?dfddeptible to

w sted pair 240c. Wth these characteristics in
crosstilidnoithe Catregeentlg) temtedbpaic o30bg and dwistedr @aitic2404| pegnmore

suscRESIE Ragrasual Bt W PUALep S BroRd SR oAty | g these
char%c%%gséfggx% léﬁg_g,t &e%‘b{ﬁ 12608m B4 EShiuréfideibe 6RO @fosstalk by

I'stanced by positioning them proximate to
maxithi2idgathg éistanéd bdtecerthte haiglay &2@th tvisted prisngAlb, 2404
shown in Fig. 4A the extension length (El) of filler

[0019% eﬁ?ﬂxeorang%alehgthquaﬁ@tzeob,tmﬂ df hejaexitenblesn 20 emgbh distanced
(E2) of filler extension 420b. By positioning the
by ositene fhair proxaone o4t leicesi filbirgesiensign eyt Fer example, as

shoyp g P i i FEnsSt I L) o5 URE Shehlioh 208K B8P fhan the
extehdibh 86n X (BISHONBerd3Behsith 4400, aBy grositionigbhe swistal paitd 2400,

provi de maximum di stance between the |ong | ?iﬁ  ength
2404 wiitt edgpdiy ergtoiprogint: to theswhlsrs W} dggest Fitler egesion 420a,

lay length twist irs 240 POSi 1] .
the BOss Fhntich T4t g Dot e oo PR 295 ot the agjacent
cabl%:{:gzlé hoit ?Ig))\/fic‘{éymbﬁﬂﬂlhh dlstinSt aRtpetin the248g 1AC rsngahi fgbtgd pairs

ong ength tw sted pairs 240b, 240Qd of the
240,00ds 1o 2theaverrds e lnget lay langeh poisied pairs 260 erpcpositigmed more

o B LSRR SRR 10 B
240f uAE&?&inEPéP i %g%_l%@/l)'{éﬁm[gﬂlefvﬁ%t%ﬂgﬁhﬁ @40be240bef ifgesibles 120 are

shown 1 n~Fi gs. 00116] Figs. 9A-9D show )
separated :it stecpdinned contashd 4@y |ab desist thei gredtes) axailabeeptension lengths

i b s B0 b B fee  re
em@?%%&ﬁ%%nﬁr}%y@g_gﬂjg long lay length tw sted pairs

configured to maxi m ze the distance between

| obaMeRl | ’ iabdf cables 120"
00lfi,  2RE. SAHR B ol ARG BRI AL R cates
acchithif! ©AhPRirderdddanen? 4Othe iRvdtion Andigs. OA-9D, the twisted adjacent
cables 120" include the long lay length twisted pairs 240b, 240d configured to maximize

the distance between the long lay length twisted pairs 240b, 240d of the adjacent cables
120".  The cables 120" each include the twisted pairs 240a, 240b, 240c, 240d with
dissimilar lay lengths. The long lay length twisted pairs 240b, 240d are positioned most
proximate- to the longest filler extension 420 of the filler 200" of each cable 120". This
configuration helps minimize alien crosstalk between the long lay length twisted pairs

240b, 240d of the cables 120". Figs. 9A-9D show different cross-sectional views of the
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dissimlar lay lengths. The long lay length tw sted
pairs 240b, 24Cd are positioned nost proxinmate to the
wo ovgesssF il | er extension 420 of the filler 20BCT/082004/034073
each cable 120". This configuration helps mnimze
alien crosstal k between the long lay length tw sted
pai rs 240b, 24Cd of the cables 120". Figs. 9A-9D show
di fferent cross-sectional views of the -33-tw sted
adj acent cabl es 120" at different positions al ong
their Iongltudlnall ext endi ng | engt hs. [00117 i g.
twisted adiacentcgables - KOE tat P BSLES PGB R aﬂy extending
wi st ed adj acent cables 120" configured to distance
’ﬁe cables’ 120" long | ay Iength tw sted pairs 240b,

h Fi , .t bl 120
(001336, {Fiter @b MR ST FestioRelyid o & CrRodieRiued adiageg fables

0
R T e S S
shovat i Big. DAJgascadbil 120¢ adre gokicibnuslesuch Higat fthé Kidler extensmns 420 of
extensions 420. As the cables 1 are 03| tio in
eachmfgthegqmblqsrﬂe?f)dmg@ &ﬁl@@méép\?@%’neﬁcﬁeﬁh begotnie gttt 140 is
| nad
foan g tﬁ 1?]%* 1?0 hg)ﬂ e%] S%S()’o %%Q%Sé&é@({ggntgg ?gleb r?xtensmns
4201 |75€s {%Qﬁsles aoQof’ beabosmﬁ@a:dqﬁ] Fipe9Awthst distajei bawaetf)me long 1ay

st A S S RSBl I8 AT bsions
e { h
120 RehASe S B0 B0 L Bach o

the dig@nced(B1)S efd@ihatigkeby60 iiclcbstaofomcib6t the'EIa‘Bles 120". This sum is
configuration shown in Fig. 9A helps mninze ali

indieateskley téqepchqtzmcg £§0)ofin £t 9@3%‘: chpssst jskersice Bt 429 of Ghe adjacent
J40on to [O01 RRd
cablpf 24 G bl By R o 0 e eQlPlugOnONR 1RPEL BAY s
minkei@e aidn @BekNEIn REStthowagd @E\@sieﬁeibbﬁngtrhhuoﬂ td Figs. 6A-6D,
| ongi tudi nal |y adjacent cables 120". As the cables

[00111%?' Eit @539 sﬁcﬁfs Eﬁdthﬁf :tsl%%‘st-&@ﬁbﬁll%éka%f RY widtddh aﬂjﬁ&‘n’c cables.

he filler extensions 420 of the
120¢ atbdme:shei 2)6§1t1an alqng rtlw leaithaod therlpegitudihalje ndiagentgables 120", As

the Ehhirie 205 gotat% el reatesioph gﬁé%s%@&i@%f%%ﬁ% ® M e B the
111f:$J eelt)ﬁ V&Nt NB0CAP RS clR ' 1@@” ?m@lﬂéleﬁ{da&ﬂ@fﬂecpfgeﬁé?ﬁg upward.

er extensions 420. The con uration shown in g.
Bec@iehht fiflet extermsthrc42(atduses e calde dBQ” tmbeamfy‘fse@fth@ iz pogkstsl60 is
di scussed above IE%@B ation to Figs

forraschpmecn dge grden d20HaEBI Briet Dt tHoRlE: igtsion 40 The
contig!tn%gg% “sﬁ%\gh' BN @S halpk BYroiEoe Mick BGsdtAR B 842REGhe ways

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

leng

pocket 160 helps to reduce alien crosstalk by maximizing the distance between the
twisted pairs 240 of the cables 120". The distance (S7) indicates the separation between
the nearest twisted pairs 240 of the cables 120". In Fig. 9B, the closest reference points
425 of the adjacent cables 120" are separated by the distance S7".

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

120" of Fig. 9A at a different position along the lengths of the longitudinally adjacent
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twi sted pairs 240 of the cables 120". The distance
(S7) indicates the separation between the nearest
wo Moshesspai rs 240 of the cables 120". I n Fi g. POBUS1004£034073

cl osest reference points 425 of the adjacent cables
120" are separated by the distance S7'. [00119] Fig.
9C shows anot her cross-sectional view of the tw sted
adj acent cables 120" of Fig. at a different position
al ong the Il engths of the |ongitudinally adjacent
-34-cables 120". AL thi oi nt fl r1oBX |

cablea 380151 A FB BB 2u¢ P ExTgr gy 420 ESre GebleS 128 AR avway

fromPalf Bthleﬂ_ hend ﬁ{h% 1hflenb@nGhidied phisd POLPOS ark4Rlecti BADPositioned

are selective posiTioned proximate to the filler, )
proxiudie s iten fill 2P extéosion d2fgl ecardiaglyotlty lomg laprgah twisted pairs

twi sted [ 240b, 2 | L ented. .
24005 g e apoicsigie Ao 100 St 19 S8 SRR A0k 2400 B cach
CPRIGrd i3 Rt Wefshort |
e e A S e s

leng®4Qaste@4REs 2102, NDI0Case T06 aephicopeble do craseilapk asthgrieng lay

the long lay length tw sted pairs 240Db, .240Qd " :
lengHiaed TS 140, G0 TREFERE dhe CHEMRURT 86 fbAoles Hgdshaym in
o [dc9:409C e Bft hhspdeA0kichals Qf they ar
Fig. rﬂ(’gﬁlpgspélgg%@?%%gﬁagﬂas i Eet%béslr}ler&é‘éﬁ;t;?opagztit gg al olﬁlgﬁ ?he .ey o
propﬁ%ﬂt@d _ﬁl@n? alhd BvidkA palck 040. @tbadimtmdimenss of tee edbligsek20” include
120" include filler extensjons 4&0 co%gur d t.o s 240a
fillef extertsians 42Q capfdguredio fyrbeTdiptagee AR '?’tggbl Yjsipg gairs 240,
24024Oa, 240c. [00120] At the position shown in Fig. 9C
%he long lay length twisted pairs 240b, 240d are
natural |y separated by_thg-cC .
0013 e apriienihgin LB e CaBugrs Ry Tufbih pREA e S4h, 2404
- | | 7 @foftihe canéd e8)"129ecifelajlg, the areas of
are éag%%irlg?%ﬁ?ﬂéé})gng@f%yﬁ?{gﬁ toh tvvicst ed ga,i,rs 240b, 24051.
the sHoetrlef ength tafistedpairsddde.40cof theeaghles d 28 helppseparate the long lay
configuration of e.cabl es 120" A ] ' . :
lengiy Srisiad dabe 2ae A D TGRS a0 aRSTART Byt 1 confiBfiaion
of ﬂﬁe“@&iﬂe@f‘ﬁfd sggjwmﬁ FE8 hjes ThR Qistirse bosieeatie 1dng Iajeength twisted
Istance (SS). In Fig. 9C, the closest reference _
pair QHOb S24@50fothe tdablea d 2AE énindisatsidely theotistance exparlathig 9C. the

by the distance S8 . 0121 [ 9D._s ek '
o Shosheoi ISR 5ty LAt B P e
120" at another position along the | engths af the.

(0012511 Figii A lshowa@aben crosuBrEEna ey ol &Fh@”%‘iia&aﬁf‘t cables
hown in Fig. 9 t i lil.e ' "
12025189%%thq_r£5)s§1§|11 eali)%nrgI t@% tlééf&h%sncyfttﬁééfoglgﬁnfé(ﬂﬁiltl}é%gfléym Baidy 120", At
the %’gfgg@% ifsﬁcswn FhBid. 9DY tHeaidr eRpEnbichs 20 efibathiaable2 400" are oriented

each of the ) 4
in the same lateral direction. The long lay length twisted pairs 240b, 240d of each of the

cables 120" remain distanced apart by the distance (S9), thus minimizing the effects of
alien crosstalk between the long lay length twisted pairs 240b, 240d. Further, the
components of the cables 120", including the short lay length twisted pairs 240a, 240c of
one of the cables 120" helps separate the long lay length twisted pairs 240b, 240d of the
cables 120", In Fig. 9D, the closest reference points 425 of the adjacent cables 120" are
separated by the distance S9'.
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cabl es 120" remain distanced apart by the distance
(S9), thus mnimzing the effects of alien crosstalk
wheirdeesss he long lay length twi sted pairs 240eCT/BEDd4/034073

Furt her, the components of the cables 120", including

the short lay length twi sted pairs 240a, 240c of one

of the cables 120" hel ps separate the long lay |ength

tw sted pairs 240b, 24Cdof the cables 120". In Fig.

9D, the closest reference points 425 of the adjacent

cabl es 120" are separated by the distance S9'. -35-G

Capaci tCapa@timEiebgBah@ée[OOﬂZ] The present cables

120 can facilitate bal anced capacitive fields about
[00123]e qUBdpeient $aBRE 10D ¢anefdcilitate duhlpaed sapapitivesfelds about the

nmenti oned above, capacitive fields are forned bet
condheigrsas 08 thevissHbRO PO 30 BTEMROTaY FHAUEI ERPPTYE s ace

Lr. 240, f het el ANCRurthe
R e e 1
the eRfdn€oF TapdiaiveOliRlR0E btwbeh thercorimctord S6@f plaei twiswd pair 240

If the capacitive fields of the condﬁchgrs 300 ar.e £ th
affectwe e heisereoaitted e b dwistidoatic £40by i the fapapifye disilps of the

condtpgtg%re ?(ﬁganr%ﬁ\%?qﬂtaﬁéﬁcgd Balafge 6#18?‘{1%9 'gg 2%&1: YieRl Q61 &6 b@ﬁ:anceled

ranet er uctors 300 an
out. {BQahd3siH ki e4lsy %%&oﬁdfd b ehstiskh S thed teadinm2ed ofitle conductors 300
uniform As nentioned earlier, the cable 120 utiljze

and thei isswatopap?@ opAle Wistad (el H0hirs | WHEIRh 8s mEfipRgdypazlier, the
Ltive bal , i

oo IR R 2 b P R R S fencs

(00135 Hawever graienals st Fh e Bisatelshs 3L gl g coppcitivg,folds of

the %r{d%&ilo s BBE. 0?4212 ?{elﬁtelg?p%hfr?% Sro:amdieUtd hN@patiNvé MRld of the

capacitive ba the insul ated conductors 300
condiic@uP 800 iaffecs theeotendls tgmicitaice, avioultingtedh wrcapacifyg balance, of
the cable 120 may i ncl ude nunber of terials . ..
the peiSnies GPRAICIATE FOD EiSpodry DL AT oSt SRR Fie- 44, the
cabl%: W5y %ﬂé{qgclﬁgygggﬁn%ﬁﬁf B A8 PBGH RGN tHRY Andyi@parately affect
wist'ed palr T

I's creates two different .
caclCiapdaietl 2badR:tort 1360 epedtanng withinuhb &vvistedepairtdils This creates two

unbal ance i nhibits the abi]ity of .the tw sted.paif 240,.
ciToron PR GasRve IR STt i PoBdMaeo Tt PR PR P L g goniey of

ROl i tb M irbdsb@Goise level
v 158 24D UEHPR PTORRAE Y SpgRE e eve

radiRGKREM A0 cti A dadshe ttimiprpaini 240 The irsulatdy(380120 fidlan2@0, the jacket

affect the capacitjve halance of the tw.sted pair .
260pagl theradr withingthe zable 43 [s8n @glrﬁf%ﬁhﬁlg(famgltilwcq)ad 6ot the twisted

pair'sr%l&r ﬁle%aﬁllgaltzotk% @)e'goﬂfigéu%& t&1hélude materials that help minimize any

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

reducing signal attenuation.
1. Consistent Dielectric Materials

[00124] The cable 120 can minimize capacitive unbalance by using materials with
consistent dielectric properties, such as consistent dielectric constants. The materials

used for the jacket 260, the filler 200, and the insulators 320 can be selected such that
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unbal anci ng effects, thereby maintaining the integrity
of the high-speed data signals and reduci ng signal
wa@rdosiussss on. 1. Consistent Dielectric Materi aPGI/US2004/034073
[00124] The cable 120 can mnim ze capacitive
unbal ance by using materials wth consistent
dielectric properties, such as consistent dielectric
constants. The materials used for the jacket 260, the
filler 200, and the insulators 320 can be sel ected
such that -36-their dielectric constants are,
their ajiglecie wanwAnfs etecappsoramgielthe) saret or &) lggst yalptvely gloge go each
o each ather.. Pr | % | . fal I
otherp oferel e nkelie s s X0 B 55 i ifhuot WR0 shodi®inor vary
beyofifd BbrhiY Hatidhid Nrdit. MWhen\i@nmategialmo tlicat Tompotdess eomprise
conponents conprise dielectrics wwthin the |imt, .
dielecairaciitliiz ehatibat, aapmitive wihdlasesl is tadueebyheraRy Maximging noise

noi se attenuation t.0, hel p mai nt.ain .hi d_si
atteniuﬁ%%@ 9 P lﬁ?”l%%‘ﬁplt‘lgh’SB%q%@ﬁ{’%mt%g%?e :% Fi g&b&ﬂﬁlenm’ the
dielefé&&s@{éganﬁ’gfzgﬂ%eﬁﬁér' iol%[ (R0Rekek 60 @tkele i360atonB2D tikeall within

nsu r are all w thin approxi mately one
approkighaeely bhe detmatcannstoht fzeth ohter . [ 00125] By

utilizing materials with consistent dielectric
[Oﬁlﬁggpeﬂff i\ Rizireh hagialse witROcdrisisiomt 2elecisipapropérties, the cable 120
un

al ance by elimnating bias that may be forped by . .
minnmizey Gaghcitivé unbatinge by elninatiag bias Phit Ty ae topped by materials with
...positioned uniquely.ab ' ' . .
G2 RSP R A1 B8 L 0 cocciany

consfebﬁ«l:rfi% SeRRsRLE dafiitive Ofiel 6 gesbratad dys highaipsed Bain signals. For
exanple, a particular twisted pair 24 |nclg(ge§%t,ft_\g\o duct

exaropled aqragicailBOwistal pair I¢ iBeJHERFCHMEr LONdHGLoBR 3Ybs i Hih&gnauctors
proximate to the |acket. i t t i tioned

o SR P s AL B S5 hraRRB ! stioe

pm)gﬂi&&%%ﬁ@ Bl 200h & drisé §leng @ el 6ifs0 EOBAUSOR scHfampaditine fields may
e

ds may experience nore capacitive influence from.
exptiencaumare papscitingtinfljicisk Sonp 8 PARDIPKERA jreketeZog than Trom the

roximate filler,200. The
o Ut By o S 55 RO R P e 20
tharf By fhelj83%8t 860.t BE 2 WMRUe RinRpE BidEs dibe condlisadroBE0 @Ofot cancel

do’ not' cancel each ot her out, and the capacitiyve
each otetlsutnfind the capicisivediobds of thertvisied pais 40 arrcwtpalanced. Further, a

Furt her, reater .dj sparit t n g I ;
sreqndeaie bemeend SRR ssbitan of R 280 Sy il tafer 200 vl
1 | el BasBrkbofueatvinee gdir 1240, tivirasiyedaysaig signal

und%gigﬁﬁi’ hlgéljg S)? g%u??):}ag nsi gnal de radaﬁﬁon. The cable 120 .
degeltibhNi The eablee1) &sn dninfmizer®eshias differenges, 1e., the capacitive

unb%?a%%g,l I:EyI IYtielizing materials with consistent dielectric constants for the insulator 320,

the filler 200, and the jacket 260. Consequently, the capacitive fields about the
conductors 300 are better balanced and result in improved noise cancellations along the

length of each twisted pair within the cable 120.

[00126] In some embodiments, the jacket 260 may include an inner jacket and an outer
jacket with dissimilar dielectric properties. In some embodiments, a dielectric of the

inner jacket, said filler 200, and said insulator 320 are all within approximately one
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unbal ance, by utilizing materials wth consistent

dielectric constants for the insulator 320, the filler
wWQods/043865 t he j acket 260. Consequently, the capemiU$100€034073

fields about the conductors 300 are better bal anced

and result in inproved noise cancellations along the

| ength of each twisted pair within the cable 120.

[00126] I n sone enbodi nents, the jacket 260 nay

i nclude an inner jacket and an outer jacket wth

dissimlar dielectric properties. In sone enpodjnenpts,
diele@ridicohstentr (10 of dach tsharn ar somecgmpodiggn. @ fiespirisppt the outer

d said.insul ator 320 | withi X
jackeb fenct 3t aper e o i Ty sotpleRL B AR AIAATB] 32, T some

embo%mﬁr%,r@&tesls n® HABHAGKNIR aQireddliRe WirREnsgiGE k@in il cedter of the
w thin approximately one dielectric constant of said
condiidtstiB® avittB20dielectris oronstenthithdl FamigssmorchErea ppprepgimately plus or

im0 g T HOE BORABH R LA L B o
embg‘guﬁxgle:gzgttg?@?ed%ﬁﬁéh BRRNLG6h TR @id‘fus%fl)aiatpﬁfxiﬂhw 0008 inches (0.635

constant fromthe dielecCtric constant of
mm)! he insulator 320. In sone enbodinents, the predefined
di mension is a radius of approximtely 0.025 inches
(0.635 pgm . Rir MihioMzavied zati on [00127] Because air is
typically nore than 1.0 dielectric constant different

[001?2@? eétéég%égf‘aﬁ# E%bgﬁca%? Qnoreithhen 028R1dFBIcCEdratkant Qiffedet than the

abl e 120 can facilitate a bal ance of
insulbioe 300y Blled0pahatesal 2dithe yaskal 260c dpacsble 129 eqrefagiitaly a balance

o T8, R 2L SRS TR 0B G s
the %g@é;ﬂb@g2ﬁé' ) Eﬂguﬁthgfl gﬁ' &an e tdiRcdd bl esnlZ@hgl 6F otherwise

or exanple, as discussed above in
maxinGilziig the atea oFitig: fillek, 200Her tie eablefl20h&of xdnapleesa éingisagrsabove

420 and_ /or the filler djviders. 40 e lncreased.
in rtostioRE: g arcase! T Bl qaRioBs (2Tt e HBEHEP igers 400
may%%blhgre%&% apg sﬁ&ﬁ?ﬂgﬁ% yawatOrififiecxitfsldk 420001 e cable 120 are
increase the cross-sectional area of the filler )
expdle@nBivars th2Gacked P80 Fuaredser theasrosi-sestionald aeggové the filler

relation to Fig. 4A the filler 200, including the
extensipnet2Mi vi ders 400 and the filler extensions 420, can

i ncl ude edges shaped to fittingly _acconmoda

[001281 st Batthea) asslisongsedtabeyeinrelsiinn iq Figndos Hie @f&%c?@? ingluding the
aitter 16,5801 80128 the filler extensions 420, can include edges shaped to fittingly .
" accommodate the twisted pairs 240, thereby minimizing the spaces in the cable 120
where air could reside. In some embodiments, the filler 200, including the filler
extensions 420 and the filler dividers 400, includes curved edges shaped to hbuse the
twisted pairs 240. Further, as discussed above in relation to Fig. 4A, the filler extensions
420 may include curved outer edges configured to fittingly nest with the jacket 260,
thereby displacing air from between the filler extensions 420 and the jacket 260 when the
jacket 260 is snugly or tightly fitted around the filler extensions 420.
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where air could reside. In sone enbodi nents, the
filler 200, including the filler extensions 420 and
wo b@soidsber divi ders 400, includes curved edgeRBCHIWeH034073
to house the twisted pairs 240. Further, as discussed
above in relation to Fig. 4A, the filler extensions
420 may i nclude curved outer edges configured to
fittingly nest with the jacket 260, thereby displacing
air frombetween the filler extensions 420 and the
j acket 260 when the jacket 260 is snugly or. tightl .
[00129] t t'Bet meuciiva inee Y9ifly af cabla Gisiclsedvaltoctvine 3 Hs iFhas air
.[00129] The, reduct i Qn,.i 1€ \Q . (8 dh te dielectric
Pf0X11§éqeé€tti‘?/ Byisted ey A0 ey gz@%&hgzﬂg&éﬁg%r oxigﬁr%ra% eto
constdie 1A St RuRaie WiRldes R tht nivisiae phins 2 enpaitivenfielals is
I'sparate dielectric constants. As a result, the feast
inindBEBbesos bifsdsHewa wiglppositianed Joaterals &t P ¥ dpr L leas
is mnimzed because biases towar ' PASIHcHGRSA the
attenuggader (149 SOVQF%P B&@% dhtte Cbeiﬁs%tlgrt%ag{fgéz}% S) Z ﬁuogstee dﬁj The
stV S abho. € LSbadidREcaSadids dtletehbldct gasaficines gie within
twmte@nﬁ‘?g%of%rgn&he twi st ed pair 240. In sone ] ined
the casEbeeittaal areat dfethedivdsediphic 240 mekes Hp dass B Redgprmine
within the cross-sectional area of t W : P dusine th
amoup4Of Hhkeiosusrcignd AR eﬁ‘f"éséeéf %?“Fnz%@g’r gﬁi%ﬁbﬂﬂgmg ©
. Cross»secti ONAl «Ab&Rmehts! e ghivivgthBOihp diofdsAdskes updésstthan the
twm‘?éﬁ?lg%iﬁotdy g Che tw sted gai r 240. In some
predetérBgaidTERtcunt t b thascrodstsectiorsh eargdi ofs thakedleyd essln some
t han the predeternm ned amunt of . C - i ined
embeafisentsr erneas| & EB0VUTH LBTE0 Snbaal At G TP e

of S Wbl 928756 0¥2Q préadf@ss dishiice t issome embodiments,
amowgggr[eex}’&}élﬁégfgﬁgﬁm 2T oTfe Noltme of the cable 120
the peRfermitddegefuntderdpstamnce. | n sone enbodi ments, the

predeterm ned anount is ten percent. [00130] . By = _ .
(0015677 ‘tgygm;thﬁg %O veigs anbihe kerrepondiap anmimgofamgassticios &r within

gas such as air within the cable 120 to | S&égzlglastﬁn?roved
the EbdeldDOr i tessl tharodhe prodaisringf AMAFHLL LS FB?PE‘? P

performpnce. , The diel egtrni t40N8e (Mds bRfte RBAGISent. As
perfomnge-o i AiSISRITS ag’%tstl%étt\bé'%??da%ggdzl scussed above, this
dischFEPoREU B URgpNRidse: O tiokd émirced! et Whes treristqsaippiss 240,

. Consequently, the cables 120 are Eletter . glge%toed data

Conssmenthy, ethy ¢ablasstatt atei bgites pabley 1) ACclraiey, Jpes 4% 5°
. Fig. 10 shows a cross-sectional view of an exanple of
signal§- al t er nati ve

[00131] Fig. 10 shows a cross-sectional view of an example of an alternative
embodiment of a cable 120". The cable 120" of Fig. 10 shows a jacket 260" even more
tightly fitted around the twisted pairs 240. The cable 120" illustrates that the jacket 260"
can be fitted around the cable 120" in a number of different configurations that help

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

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

also helps maintain the integrity of propagating signals by nﬁnimi;ing the impedance
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enbodi nent of a cable 120'". The cable 120"' of Fig.
10 shows a jacket 260'" even nore tightly fitted
w@e@anegsshe tw sted pairs 240. The cabl e 120" "PCT/US2004/034073
illustrates that the jacket 260'" can be fitted around
the cable 120'" in a nunber of different
configurations that help mnimze the voids able to
retain a gas such as air within the cable 120'". H.
| npedance Uniformty [00132] The reducti on in the
anmount of air within the cable 12(i E ve. d
vanaﬁbmldn% the 1mthﬂfath¢10?tm\%1?-(ht srseificallprthecah E*’ag%f (fBHQb SN 1gure
gnal s b nim zin d 26 The
such hgins EHELPES ﬁreogen?wllﬁ’ﬁfa%%ﬁé’%@%“%é@?’ S et
compo‘%gh@ wiftln ?1?5” a@l@et%Ofdaﬂ beanstatli fi)daeltbylrb@omg’@@rmmmt of air
are gener al y’flxe in position wthi [h F
withiihtBe GRREIAEOrh snyiof Hierwaysedijcussediabopd §%eﬁ71 & P|fs ?/d pairs
fixed by reducing the a unt o Nt AR
240 cepbai gen@ialfy HKeq WPREYE Y aoaérLov Othlgl‘Specéla) e‘Jc ally ,Iments

the %get tzl% %ttse g cﬁaz hé Switd fas zbf@ 1&%&6’:& althynnbi shediti fixes the twisted
JB Wt respect to one another. In sone i T

palrseml‘ihﬁgilglbﬁ., bﬁaljlﬁ(alcempzmlom fitgs Beask althomeh ¢ is pafrequire
pairs in su

othep gimbedipzrmts, ¢ PE&FY p@};pnaq—s{ﬁf{: g:fa Itag}'atdhééﬁ(eeﬁxagh% M Ste 9@t other

conpression fit

embgaﬁ%eaxt ﬁehﬁﬁ'é}rbd 1s'c%nﬁ&lredl %&Hblfpegbneﬂaﬂly dixhibe tw1sted palrs 240 in

ment’s, her“ mat er i such as an é» Cg )
posifiBy. Bﬁsobkﬁeqﬁefeimd ymbomnwats detsouipeBeRis of bAgal ¢ G mclaging the

is configured to hel eneral | flxt d pairs
vismiCo AR 20Tt PEry Feass A eyl s ectnﬁgaé b PoL
conponents of the cable 120, |nclu
’ [Oomr]nr)sTReﬂfﬁablarléO,fw havjng fixed Physie & agﬁﬁ%ﬁshlsraz"i% y grinimmize
to one anot her 0013 hdteaeti
 ImppEAneE VAT Sy ﬁt%?‘i“&%“%]abwg A ZQ?‘Q“J@% o Bl Bikrhdrsestios or

I CS To0 mnin ze
relahH{’Pseﬁfat‘BG %wié?erd' ks @48 is Akeldits cemmitted aabwentedngnp@c&eaﬁg aariation.

physi c characteil sties at| 12 can be
Bechues ttedcaidé 120 2em l@lqdﬁk@‘%ﬂ PByst u’ﬂﬂ U ?
i mpedance riation @d@@lﬁ
may pUgi Aoy PR PHIeg AL p O 2‘%3%‘;%@ daﬁ ions

intd "R @a&k@iﬁﬂ T8ie bableNEl0 Gﬁi bey hiligadlyetisted afienit has been jacketed
I ntr

oduci ng significant inpedance devi ati.ons.into_the
witkaln! mtbd@cing Hazadolse impeslage qgglaﬁgpq dgﬁug}lngmﬁdtg}rgd manufacture,

after it has been acket,e ¢ the cable 120
testing @Péé’ﬂ%ﬂ HPR P SHUE fg Fon .L{h% it Fg%“%tlg;ﬂnog ° e
camb’ﬁagg f\@er 1¥ A&t Bé%ﬁ - RBGA] 118 tsainb atibodinmmes dehuphysical distances

Accor the cab e lay | ength of the cabl eh12 can ooed
beth@et hmgaasltedlfpaﬁs 240 ofidke b@éﬁ 128 deehQtcehange WG than a pre
amglqr?t? gxlzerrrleagttﬁe c&btfe lﬂp %%eﬁcallydwﬁétgﬁ] CfSsome embodiments, the predefined

amount is approximately 0.01 inches (0.234 mim).

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

to the physical characteristics of the cable 120 over its length.
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between the tw sted pairs 240 of the cable 120 do not
change nore than a predefined anobunt, even as the
wW@2awb043820 is helically twisted. In sone enbodPCEOSRN4/034073

the predefined amount is approximately 0.01 inches
(0.254 nm. [00134] The generally | ocked physica
characteristics of the cable 120 hel p to reduce
attenuation due to signal reflections because |ess
signal strength is reflected at any point of inpedance
variation along the cable 120. Thus, the cable 120

[00138Inf iFyuthat, increriflswithibeneficial pad sepuisteiteliglpgng pronerissare used

ti f hi gh- speed : . i 7
aboub i aeneigr A (sydp Zafiiare  Befaf Spladioly o th1ield of the
cabl«%m %?g.o‘égﬁy iv%ﬁatkcﬁﬁﬂ{ Bhysid0-alt20da5 bt B thtde 1208ver sl lngth will

neficral and consistent dielectric properties |
enhadéanisedstilgaapadities euintimce of the3nGtadopaie?4d). nfla wieAf consistent

__inpedance variations over the lLength .9.f {he :
dielep: TigreHar Fsbem T BRSIOR PRORr 1 BtRs S AL g 24
Consgeégeﬁy Fan) t;ﬁ#ﬁ%ﬁ%‘lﬁiéﬁdﬂ' wBDRANGGe dYy SxhindikdD capacitive biases.

paci-tiv nce of the tw sted pair 240, e use
Thetefore,MsuskigembtetlnlIvett cansistent dieiealriss pedusels te he conductors 300,

capacitive biases within the tw.sted.pairs 24.

the @m@@f@éﬁph#}caéﬁﬁmﬁ’r??%&ﬁCaslﬁrll}%gtafeo??"&ﬂ e‘E}ienhance only
m ni m zed capacitive biases. Therefore, by using
mafler i alGabl¢ Lay Eengihskismifatipng| ectri cs proximate to the
conductors 300, the effects of any physical variation

[00136] t heheafplesent 2Abkes e126 mamiteedonfiguradaky dedugy qliengergsstalk by
Limtations [001

3 T t | 120
minoiEgLR SEPETo<S AL ORI BRFocT BT BBy e SRt - As
menglgjﬁgc!: Eedﬁc{%géag%ﬁeel Bﬁlﬁ;sg—l.olvgﬂ A SEVRYE EneNiftb® pARY WMBEST the adjacent

S As mentioned above, parallel
cablet 036 aR\Edigifitank Souret aierdien chmsstalki a8 high-1pard data 4giesof Therparallel

poirs bewv atheraver g apied o it indiet St iy forgfos el Bacent
to e%?t'n glhser.o%ufngi(/iﬁ%eeéﬁ Mok MeP LRAs-BA:T foird beideh the @bjacedlcables

rm’lar engt% s are adjacent to each other. To
1200 @bz 1dtecapabeatwieted e dissintlegranglor veeyitglajdengthhe When the

cablgs $30 i IRl PERAn TS Yy ERGIH o S e G e ghanged
acc%@?r&i 120 dﬁ‘gl M&in’g&f‘%%‘aﬁ% 1Joherha¥ot<L e Bja&int ichiSles 120 can be

airs are changed according to the ]
helfcwile v is@d af distimilaablezall 2dhle THekglangths in hedead) differsmtiate the lay

cabl es 120 can be helically_tw sted I ssj,m| an
lengtherof] the ¢wisied now $400f ghgyPhES Favfis o Ff - the [af lengths of the
twistel b§HSPA] 8 A daBs 120,

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

120-1 are positioned adjacent to one another, parallel cross-over points would exist
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| engths of the twisted pairs 240 of one of the cables
120 fromthe lay lengths of the twi sted pairs 240 of
w@oejoaoessss cabl es 120. [00137] For exanpl e, Fi gpCTFU$2004/034073

shows an enl arged cross-sectional view of adjacent

cabl es 120-1 according to the third enbodi nent of the

i nvention. The adjacent cables 120-1 shown in Fig. A

include the twi sted pairs 240a, 240b, 240c, 24Qd, and

each twisted pair 240 having an initial predefined |ay

l ength. Assumi ng that neither of the cables 120-1
betwehp e Forraspendipg fuisted aais 24008 dhceepbles BID-bveg.athie twisted pairs

h tw,sted pajrs
2108 GebE R of Wl Gl amric e R PR Bairh A0 VB e e
effe@ K @Fierd 2Poshtafit BethREn HeObdiesai0AL, eddbedi MY AS (RNSIMNE 120-1 are
parall el cross-over points would exist -41-between the
suscepiitletpestingg twi sted pairs 240 of the cables 120-1,
e.g., the twisted pairs 24Qd of each of the cables

[00138D- IHoWeverpie ddyl lehgthowwiSthe gespedtive tRECd e PU0 ki cables 120-
enhance the effects of alien crosstal k between the
1 cap é?su%%def@mml arsore Spelt pheial Any &Tesiseionabpnint gpwg a predefined

n V,

lengfit G AR caBleS 1001738 bitin, At NRMISEsi ol Pifes to cach of
the mbdselsmlz Ghe tablag 126 1 rrcemelidiftdrent] add fHeoRitRAY RhAEE of their

at any_ cross-sectional point aI ong a predefined |l ength
respesti ve fhwisteslaraits 249 @relchawdats Bestany ley lepgthent overal |

torsional twist rates to each of the cables 120-1, the
[00139DI erorlfﬁc(amplda diignid Bdstofwesr aanenlarged! ctds&sd:cmnonala‘}'iew&f the cables

l.e hs r respective 240 are
12015t 1R e b e B g 1 S HERpE et Bt Bl g of the
tw1sFe'dQcabi'e|s Ei2§f1°ié’5nc§w ST @ 1RE easle %QGII" CWl%'le t\h'e%@héi’fdlstsﬂﬁlaﬂy

l'es 120-1 of Fig. A after they have been tw sted at
tw1smdfcfabtes 206l &sr mdw refoired tor at the. cableel 20F 1 't h@he whlgde d@0-1' and the

C 120-1 j.s. now referred as t he. cabl e, 120-
cabig ARV e et EhT Hief HibErear elple L Bustnd g teigifferent
t | ©0l;
resullH 1RO of i Reoplfive Bkfba ratly 240, THE AR 201 Bhchudes the
twisthidf ﬁzersemow,abfl(lb’ | Z8pc, eAad’ h(soﬁcmﬂivellye“tﬂé ftiisteginpairs 240”’) which
.resul.ta l.a hs of t ive t
twislsd PRSI iH01a0E AfAToTepakang St el 0L pgfudes the
twisteiQRirs 23§Q’b240@'49£(%$” 2@ IE&k\le?}p‘tthé’ Rilﬁétedtplag' Zﬂflﬁ ?ﬂh their

pairs 240 twsted pairs 240" 1nclu
d1ffaremubmmantlhmerﬂg&mgt hs. The cabl e 120-1" includes the
twi sted pairs 240a", 240b", 240c", 24CQd" (collectively

[00140De THé etk PRthE SvedlD Ev'v'iktixvg' ittt Bilés 120-1 can be further explained
by way of numerical examples. In some embodiments, the adjusted, or resultant, lay
lengths of the twisted pairs 240, measured in inches, may be approximately obtained by
the following formula, where “I” represents the original twisted pair 240 lay length, and
“L" represents the cable lay length:

— 12
l"lz 12

L 1
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different resultant lay | engths. [00140] The effects
of the overall twsting of the cables 120-1 can be
wo eooshesssexpl ai ned by way of nunerical exanpl eBCT/US2004/034073
sonme enbodi nents, the adjusted, or resultant, |ay
| engths of the twi sted pairs 240, neasured in inches,
may be approxi mately obtained by the foll ow ng
formul a, where "Z" represents the original tw sted
pair 240 lay length, and "L" represents the cable |ay
| ength: \ 12 12 12 L -42-[00141] Assune that a first
[00141] t Hessemsithal 2 fitst of thecqables < 2Phleinciidss the tydsted paipd40a with a

. i . | f [ .62
e 8y BEBAPL 090 e (PRl RTSNES 0 Ty Ffnsines
lay 16 gdB) of DAbasCHet 110.66 b)), thdBvibied PaD4PBIWith24 BRdvfiddd By length

redefined lay length of 0.50 inches (12.70 nm, and

pre | ( . ,
of 0.6@ &nches et pan)ra tyiistedl pairpid0d evithhe prefefjneddeytengifof 0.60

.. 0. i,nches . 24 . bhthe first cable 120-1 s

inchgy A0 25 W s PP dgbel Ryl arkdi A By Sl GobIe e depeth of

4.00tifchee EPFR o ehs a1 2R 5 the prédedindd RY SRR Ry tvisRg P{ﬁ% 240
of the twisted pairs 240 are tltghtened as follows: the

are fighieniedastt folloyvs: ghetresudint ey lengtdt ol theatwisted oueir BéQs) rhesomes

appr?%%{a?ez}i{] g?{z § |61¥ch[%ﬁ i‘]ﬁw g@g}g ﬁ}?( f%u(f%ﬁbm%@g ﬁ%@g %\%stte%ngair 240c¢'
becoaRi ra?ﬁﬂoﬁ(ﬁfhﬁbby @3@6&&&0@%6%2%% ﬁl@s)guaﬁthsy I3t &Mk thA¥ed pair

| eng of the twi sted pair econes approxi nately
240t baepmésrapproxitatel 7.844rmchestid -2 Bemmysuid thatredudtynt lendenigth of

o.f the i.sted pair 24Qd'. b S.a oxijmately 0.522
the ¥ jntscbrlSn ARG o aboroipate N AR e L VAPt | o

[00142] . The adj acent cables 120, such as the cables

120- 1 i & Fi gMininupyGable Lay; Gadfiothndom y or

non-randonmy at dissimlar lay |engths, and the
(00193} | aktiecadiasentrablestlRBi suchay theeeahidssl 20anindiéigl 114 taad be twisted

within certain,ranges i,n order to m.njmze th .
randlfol b niE L Ao AR muR: PhdSiart pB e Y GtoR dopuces dhei tay
lengRBlAREHE fiRMe8akiign cbalin tRgdNR 6XRIRS enidkoe the WBtERnces of

the first cable 120-1 is twisted at a lay |length of
paralfelOo@spentd vee bvigted Ipags A4 heowirscibaeablee 126bIIe the Gxarhple ahove in

whicf]:ilnictbé1 ﬁfﬁ?tf:%@g gg@-ﬂ d% ?\91{3%9 13?9 _la:%/ lgI?th %? 4.t0w1r?cth%sd (160t16a min) to become
the cable 120-1', an adjacent second cable 120-1 can be twisted at a dissimilar overall lay
length that varies ét least a minimum amount from 4.00 inches (101.6 mm) so that the
resultant lay lengths of its twisted pairs 240" are not too close to becoming paralle] to the
twisted pairs 240 ' of the cable 120-1".

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

between the cable lay lengths of adjacent cables 120-1', 120-1" result in increased
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l ength that varies at |east a m ni mum anmount from 4. 00
inches (101.6 mm) so that the resultant |ay |engths of
WO e@s50¥i8st ed pairs 240" are not too cl ose to bRCDDE2004/034073
parallel to the twisted pairs 240 ' of the cable
120-1". [00143] For exanple, the second cable 120-1
shown in Fig. A can be twisted at a lay length of 3.00
inches (76.2 mm to becone the cable 120-1". At a 3.00
inch (76.2 mm cable lay length for the cable 120-1",
the resultant lay |engths of the cable's 120-1" |
dissimilagityebetpaen sepler densthshel thechuespegding. respeciivrctvdsied pairs 240,
A 6.934 f.or, e tw sted pair 240a' , 0.353 inches
240 (‘g.té%%abﬁgl% ’]tér??éltvm sted pair 240c", 0.429 inches
10.897) for the tw sted pajr 240b", and 0.500 inches,
[001514]2. Asetydingly. ths adjagend calletalr1 showyr in Kag elbhAs should be twisted at
. i aLl I 0 '
G e e R S e R
at leasdt 3piléceSingd Hatdnty, soch wee fent heet @pld EXWEdetonl By having cable lay
correspondi ng respective tw sted pairs 240", 240" of
lengthy dhat yBTYen lagsbbyl @ minipgum varigtipns e jcomesnsndinggristed paars 240 are
dj ac: b < [ h.:Fi : ho .
confir&f @Yo R o 1 PRt feentu B R Bl becBfting et
As bOrRaR) abbhetrosstakebagRes aheecdtdds 112006 Sniniaed abecause the
| east a predefined distance, such as a ten neter cable
correspondiag t fvasicd Byaitsa it gheveb dessimilar| emsgliang layalengthsy wigile the

| east. by a.m ni.nu ariati.on e correspondin
comssppgdiag oL Bl 24 s Shane 48 0k RBIGKTS peergper ey
situdtiOnN @ sGASBmMbbaidNi tHetdabRi 18y TeABYS 0@ thddRGehNEhbles 120 vary no
parallel. As a result, alien crosstalk between the )
less ¢lzanl @ prefip@rnined aniawng of obe epeiber- t Weswny pabpdimentsg the adjacent

twi st ed paifs ,240 i ssim,l |t | .
cablpe 30 B2 Bl eed 2oy QRSB IGG vela B0 45% e B mppagtprpinea
amoliRY Roai B&sh behefrat ax*%@a%oﬂldﬁlidl&e 1hp Iéngiarcalcuiked along at least a

situation. In sonme enbodiments, the cable lay |engths
predefinechdistangcaefegeneradll lengitudmalinextending sepdionh & seme embodiments,

r t erm,ned anount of one ,angther. l.n sone
the Bt C SR nBlon el AL B mifhye W aetseaf o some
embeaRheRitd, 86 JréddinBs dishmte WdpprdX@nhieSSed Rrerd.he

predeterm ned anount from each other's average

i ndi vi dyal | ﬂakimlgﬁg%%g*g%ﬁ%ﬁ?hong at |least a

predefined di stance ongi tudi nal | y

: : on. Thodi ) ) o

0035 GoFhy RIRER itfin?d SR ARy (0%, shepp g Fis 113,

can b€ BoRB g0 mifim$AR Bich ERAGHAIRERY BaviddeniBhi€eMlé R§dengths that do
di stance is approximtely ten neters.

N

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

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

limitations can be configured so that each of the twisted pair 240" lay lengths of the cable
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2. Maxi mum Cabl e Lay Variation [00145] The adj acent

cabl es 120, such as the cables 120-1', 120-1" shown in
WO-2@5/0¥B55 can be configured to mnimze alien PCDES1084/634073

by having uni que cable lay |lengths that do not vary

beyond a certain maxi numvariation. By limting the

vari ation between the lay | engths of the adjacent

cables 120-1', 120-1", the non-correspondi ng

respective tw sted pairs 240 of the cables 120-1',

20-1", e.q., th i ob; )
0§ nosffbing s SRR A0 N Bl 28 107
any c%sg seétfoﬁsg;g&ﬁk f16mb Rﬁl‘gﬁh&lﬁalae&% @mhmembsnzmn i@, In

er wor he cabelay variation limt prevents

[OOIAHJ E@B? éﬂelg%nt A)gﬁg%ﬂag elh @aﬁéﬂoﬁtléﬁ}é leradj%@éﬁii calﬁés 120

rom ecom ng appr oxi equa

individi@l ReEteldt 24(Bléy| lengdrironf vatrhmg o;acb Ineuch2 OIf ]dnetcyﬁl the eadJacent
pairs 240a"

240b", 240c". The lay length |i
cables 430 yeere @\lesteédp@ éiehiy somRirechicnihg AV ishEate of 3@@@1 Hﬂ 130, then

t cabl
non-meépcer% tg(? P%éc’ ? \%los{% gdﬁlgal r a%%g %bleglqg%ig o ome
apprédifafeP b@rall@lo whichadvodd Yurle sigdblys idass dhe aﬁﬁd:dntt oft bbﬂﬁg crosstalk

t he Iongltudlnal axes of the cables 120-1', 120-1"
betw[:ﬁOtm@]iJa?FMQabl@héZQ imt on maxi mum cabl e I ay vari ation

keeps the adjacent cables' 120 individual tw sted pair
[0012710 1ayht erghple gmmhmeymnvghlcbcthmable 120- Yrisclpfled he overall

ST IS B b At L, GARRLSS
if it %g? ﬁgﬁc%aglgpcgngécg G b Wik Qg Reohis o?ﬂgpr@fmﬁa{ﬂﬁy lald'! lsmﬁm%ﬁés (43.434

econe approxinmately parall
mm)WAH 1.0 D it (n&bBay minn)dee Eesigth, He reiu‘lent Isy ddngtlisi afthe cable’s 120-

oI KyRFL e e ) e scabl o5 120 BOAATL, AL
240 '"1%5% %%#?Q CrAiF: f&aﬁggw sfd aWda" Q247 ARnéGH®S mm) for

ul'd be tw sted too
the twlgdatll plant 401", Wefdeo Hé4 iinatiek (101878 t mah) affor ethe abfisted ggicr 240d”.

of approximately 1.71 inches (43..434
Althgguglqtherf@hletsp 20r34 1afgt” %ggequﬂapg twtsltle(éi Paégstﬁo"ﬂ:m é}gwahave a
(0] r 1
sreaief YGfrln SRR iy Pgfns chah M5/ @ 0 the e 12017 was
twistedi 25 8OO ifcties (2810 aim), SorB of thambaso@ﬁs@ﬁdmglmmmpm@m' 240"
twi sted pair 240c", 0.287 |nches@%7 290 Hg) {,
of theyfablasdlfal v 130 haveapegomeszPpronipisly parelioly g Wﬁj‘n%"rses alien

L X W tant 2 ®ngth of th
cros tﬁﬁ(_tie%%%nr @g%%%%a?%@ ’ vlvlzéltle d%%gaf&ﬁlghgﬁéofegﬁl an ?agr peth of the
cabl@’s 120-1' twisted pair 240b’ approximately equals the resultant lay length of the

cable’s 120-1" twisted pair 240d".

[00148] Therefore, the cables 120 should be helically twisted such that their individual
‘twist rates do not cause the twisted pairs 240 between the cables 120 to become
approximately parallel. This is especially important when overall cable lay lengths are
gradually increased or decreased within the ranges specified, as parallel conditions could
be evident at some point within the range. For example, the cable 120 lay lengths may be

limited to ranges that do not cause their twisted pair 240 lay lengths to go beyond certain
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greater variation in their resultant lay |engths than
they did when the cable 120-1" was tw sted at 3.00
W0 p@hesssfy6. 2 nm), sone of the non-correspondi POI/US2004/034073
tw sted pairs 240', 240" of the cables 120-1', 120-1"
have becone approximately parallel. This increases
alien crosstal k between the cables 120-1', 120-1".
Specifically, the resultant lay |length of the cable's
120-1'" twi sted pair 240b" approximately equals the
resultant lay length of the cable's 120-1" tw sted
resuﬁlahtrlaﬂhﬁgfh bdadss] Hhevietfing the dables ¢abbely vifin shvaih danges of

behllc 1y twisted such that the al _tw st
cablp e QR OSSP TS ERP 140 oheh EANRe] Raduld not
I r
beccgrggegﬁra%ﬁﬁatélgpﬁ??%ﬁ %ghﬁ@fg/er a?c:ljx%egg c%l{:seh Egﬂ %ﬁ | Snfigured
suctathet theaekndtiahtylay teqyythasfosheat the ome'@aqﬂuu\/lznmequalm merglsn one
speci fied, as parallel conditions could be evident at

resuétéﬁtet\wéqeﬂtpam #H0 fit krasthapigdhe pier éxbiApl0, Forecxsamle ouly the
con%%a% t{N?é?&% @5‘ ‘?[ethle' ZE%? ?g(?/ Qﬁx Ra g k{ab@éaﬁgelnﬁ% éengths

heir pal r engths

In sometebbodidénts, abel N/lat&ﬂ pady240engft dhebstthe adjaesnt cByles 120 will not
twisting the cables 120 only within certain ranges of

becempparellayortenturied P24 24l gBRditkot sodeed! airdoagables

120°f the cabl es 120 shoul d not becone approximtely
parallel. Therefore, the adjacent cables 120 can be

oo 5 Fs SR T T B 8%
Ieng'ﬂ?%?I |tﬁ@5ﬁblésV\420t ﬁ%s%lﬂhe%%cb@‘i/né NEhkinRm Rf%ﬁ”?’] ﬁﬁxrl%'undanes for

l e 120. For exanple, only the corresponding tw sted
eacl'paf the tﬁkmecbpaltméﬁl(baﬁ)themﬁlw 12AoWHod eamplehamemparfaist edble 120

incly R e ine et i mat Gt SADCc st uith 3o fiiiopie Eoieghe 030
mcﬂe@r@lsb%m?f%r tﬂtbetv&lyve&g ? Pk 6.5840hes %@7 AR f&%e twisted pair

anot her of the adjac cabl es 120. [00149]
. 240enhddinvbes €7. %Srmm)rﬁm tha riwiséed etit 240t andh ﬂaf)uweﬁ ()’22 861mm) for

o SRR RO i 5 PR 0t Wl o
madiffnt Wik H@)ﬁh(’i&%eg‘f& @1@: 154 ‘fen‘gﬁﬂl §Sthe %Qrsteﬁq{alrg %80 Ghe cable
assune a first cable 120 i'ncl udes the tw sted pairs

120240a, 240b, 240c, 24Qd with the followi ng lay |engths:
0.30 inches (7.62 mmfor the twisted pair 240a, 0.50

[001303heFof ERandplen tGhe tdchddhedtedinpaky 1&HAE of Ghe/ Birst cable 120
i nches (17. 78 mm) for the tw sted pal r 240b, and 0. 90
shoyldcr@tscause tigplagnipagthrof the twisted pair 240d to be Jess than 0.81 inches
(20.574 mm). The resultant lay length of the twisted pair 240b should not become less
than 0.61 inches (15.494 mm). The resultant lay length of the twisted pair 240c should
not become less than 041 inches (10.414 mm). By limiting the lay lengths of the
individual twisted pairs 240 to certain unique ranges, the non-corresponding twisted pairs
240 of the adjacently positioned cables 120 should not become approximately parallel.

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

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

minimum and maximum boundaries. Specifically, the cables 120 should each be twisted
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the twisted pair 240d. The twist rate of the first

cable 120 nmay be limted by certain maxi nrum variation
whowstesses for the lay | engths of the tw stedP@HUSH04/034073

240 of the cable 120. [00150] For exanple, i sone

enbodi nents, the lay length of the first cable 120

shoul d not cause the lay length of the twisted pair

24Qd to be less than 0.81 inches (20.574 mm). The

resultant lay |ength of the twi sted pair 240b shoul d

not beco | ess,.than 0,61 inches (15.494 nm.
withfio g, ARG ONEGS Bigt HMBITRCVRICR Giiha| oS sHgatien. The
nnmfl{ﬁx?nn ?%g@hﬂéﬁ@f}?%g@ﬁﬁ%#ﬂﬁﬁ %Errési)g é\% ted E%(Irs 240 of the

cablgsal 20s{r@dCbeing egprogintatalyipatatiell dhigemaxiniem variation boundary helps
non-correspondi ng tw sted pairs 240 of the adé(acent Iy

prevenisihei BefeerEeaBPRANg JHiskibnries RGP e Bisneabipsnd d%ifrrm ebagoming

apprg)fﬂélﬁlltélﬁl %ﬂgﬁ}ﬁ?%ﬁw{ er, ttlﬂegerb e?%‘?‘gf%ﬁ%lﬁe?&rﬁﬁ Sﬁgﬁ %écl)(sstalk

betweabthesaBl2d 12an be confl gured to have cable lay |engths
within certain m ni num and nmaxi nrum boundari es.

Speci fi gal | yRahhgnfebierwia0 shoul d each be twi sted
-46-within a range bounded by a m ni numvariati on and

0TS B AR YBEA S BBy v

along heleaahepreddthelinengibeNag oﬂﬁ AbexthiBdrRbirap@tatingd makhigization
maxi mum vari ation boundary hel ps prevent the

betwggh adiarant sieral Aty Ittfwlme@amsahwdmmtb‘r pasfionedshtdes 120do not

have tw&%gﬁ@&z{(b&h&% ﬁe 4 tSl e BR tﬁlélj eAt &1‘9 Iléeagg { qo%grxl)%lg cable lay

reduci n fects o‘# ali'en ¢

lengihebiveien cifle 2Abheps 1RBimide tﬁamaﬁc%wfepﬁym&ttwﬁs@&ﬂ@aﬂrs 240.
As di scussed above, the cable 120 can be random

y
Prefosalyr tha Gable oyt lgnath of thel shls 120 WHQQ%PVQTWEI%ﬁféb@PtGdé@ned length,
hj tance
whilg SR Phned p8TRu b ol AP SULRAE HbB! A igiqpboundaris
disciealiftdvehat adj acently positioned cables 120 do not
have twi sted pairs 240 that are parallel to one

[()01915‘}3t hﬁ{e chble 1190 k&R, niiany 6} 4 a@aPlc%nélﬂYwElg F(Tag"fng or

the cable 120 hel ps m nim ze e i nstances of
continnpedle deqxaasurg R4 0engeh o6 ¢hailthy 1ayt llangtha bf déts Itwystdcbpa;tshmefelthel
e 120 varies over_ at | east e pre

contilf MGHISFD oF G RO SVIECTTRR S PN i RS A oD such tha
whefMHY SREARIGRAN e iR Ys Uﬂésaﬁ()? Br RRURHad fars 240, is separated into two

sub-sections, and the sub-sections are positioned adjacent to one another, then at any
point of adjacency for the sub-sections, the closest twisted pair 240 for each of the sub-
sections have different lay lengths. This reduces alien crosstalk by ensuring that closest
twisted pairs 240 between adjacent cables 120 have different lay lengths, i.e., are not

paraliel.

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

length. However, because the initial lay length is a factor in the equation discussed
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di scussed above. [00153] The cable 120 can be

helically twisted at a continuously increasing or
weonsimsstisl y decreasing |lay |ength so that theCT/EH$2004/034073

|l engths of its twisted pairs are either continuously

i ncreased or continuously decreased over the

predefined | ength such that when the predefined | ength

of cables 120, or the twisted pairs 240, is separated

into two sub-sections, and the sub-sections are

posi ti oned adj acent, to one another, then at any point
aboyg, theijchensischiomdpe initialslay lengih ito ke rashlsant| loy é@ngth of saaidof the

i 8 B0 BN g S AN Ragh b Py e

indivivabllg tvaisedtar Bitfefdne thyRaidiiss. 240 bet ween adj acent cabl es
120 have different Iay I'engths, i.e., are not

[0015%] al Fré t12[ G4R4 hens tah@axfa]ﬁm? %’QSrt g-?fe%ez{pg)%%g 66 irlléed cable 120

overa Wi sting, a torsio

accardinfzdo ring embotlhﬁeﬂt WThe %np@ttﬁlsaﬁs‘lfbpﬁdseﬂ@)a lea%hlo@lﬂth@éable 120,
poi nt, al ong t he predefined | engt However ecause

Sepétrﬁfsd ipfio; preflefing( lP@ﬁ%ﬁ hThg vgrticg g@?@f’ r@meqeﬁ@ @guightnsss of overall
cab]lg %Uﬁﬁt o hﬁ&}ﬂ\f‘(ﬁ (i tP% GhaRgR: § {2&9 ri% &W%g%lyflﬂ%reas%d over a

engt e resu I'eng

certam/l lstigehl (Padfrthe 24ile 120 pxb&rzﬂily g{ﬁéﬂ thle @tefdﬁaﬁﬁ@bncdﬁ' QAt the end of
hows two adjllacent cabl es 120 that are individua

the tc\ﬁft?f‘e@ngﬁh diYk dhenvistaipale citkhy repoB15G]a fposer _]_tZ’IS)t/ rate and
' cont?ﬂ% Igalln&té%éeg fgg gg% ?t:]ggir{o&g gedgf%” feﬁéﬁ{ &v?.p pi‘ﬂise gwitst(:) pattern

fornitothe z@nttabthactiagt shewhas B 5122 BLRGyhoOfhe st ¢ABla8 shdfn in Fig,
separated into predefined |l engths. The vertical axis

12, apprsectinn of the cablgniZ9ealong fthe pegdefined dengsh T20 bewseparated into
sectl%?lssvbﬁm c@ioﬁé 80 ndtsh ?.xt ?g}ﬂﬁﬁ;%]h [al8,LS continuously

ncrease over cer )ran the cabl e 120,

fe over th fine th. At the end_ of
008 IR i 8, gonety P{}‘i‘ﬂg V%rwds%tglF%t?tteDV&GiU& pyedefined length.
PrefeRbH], Nhet Sredeft RS d, i
relncﬁgasgsﬁ?orlgg Ehg ﬁ%gﬁ%i%éﬁré%ﬁ?%neggf%hgtﬁngh of one
func(ame)'ital meglengﬁlslf apgﬂabbfnng tmnsnittbd osawvht ogtila 120 af[hls glves the

varying the twist rate as

fun gy Vepsl oA St e O eruniitel & 4B soRonghe fenEth of the
funmﬁaﬁ WASEch &R G Be ﬂ@en*e% f?éqg

whi ch secti o%s do p%ot r e an l};B Péﬁ%}l 1%1¢’n§ttransnutted
In §omel S8knipleey caﬂnbcshinamsj ethcgtlbngtho of dhbefundnmenitabt waveBSth is

over th%npredefl n% A %

approximately three meters. Further, 1t is well known that events of a cyclical nature are
additive, and multiple wavelengths are needed to see if cyclical issues exist. However, by
insuring some form of randommess over a one to three wavelength distance, cyclical
issues can be minimized or even potentially eliminated. In some embodiments,

inspection of longer wavelengths is needed to insure randommness.

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

three fundamental wavelengths of a signal being transmitted. Therefore, in some
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Preferably, the predefined |l ength equals at |east
approximately the I ength of one fundanental wavel ength
wo@Roos/osisghal being transmitted over the cabl e RRDUSZ004/634073

gi ves the fundanental wavel ength enough Iength to
conplete a full cycle. The length of the fundanent al
wavel ength i s dependent upon the frequency of the
signal being transmitted. In sone exenplary

enbodi ments, the length of the fundanmental mavelength

i S, approxi nat e three ters. Further, it is
embRﬁ‘&WﬁP g{;élllq{lge%flegg &*f i YROHER 3e ' three dH‘EFP‘iSr veIn other
embBihetity| ﬁlle%&ieﬁﬁé’cﬁeﬁ@t%?ﬁ yﬁ&ﬁxﬁh@& &4 hQesee 1T cyclical

.1 ssues exi st. However, i nsurihg sonme form of

ragdomm reevvaelenth di st ance,

cyCli Caﬁﬁggﬂegceﬁxﬁgﬁgeﬁeﬁl m zed \(;r evgn polt entially
oo, 35 <hBofSR B0 HER: 20 L Bvetst fmbiRbatous
approfitng Add ﬁgg@ggg ﬁﬂg ?)grn §e{& nd! ﬁpgﬁ{gjﬂg&ﬁﬂl@{xg 2 Hhnnon

[ 'east™ appr of “one anen

capaaity of emegh\indbaﬂ meer gt ctabaanlzmp repesitdrahal ypprdemarngl® gigabits
of three fundamental wayel engths of a sjgnal bein
per yecaRLewdhe PREPEIBPE Of ARY Sheroronsalk misaRkYEh dgital signal
proc@%s efined length is approximately three neters. In
enbodi ments, the predefined length is

r tely ten nete er mence sur ement s
[001?%812%1' ngg% e?&?oaﬁnh@%nt’t e C@%[?I e&fOIB o “afPIrpises seven
cablBd PPRG84iBorkAl RngudilIBUSHIehS t@@ﬁihoéﬁigﬂ Beradgroximately a one-

surpassi ng 20 grgabits per second. In sone

hundsedh oetiterdangh. ﬂHe @hlesn20 axamananqu gfchahat- mmllmstloned

cabla?ggbsr gr%gxé ed Otg%ﬁgt ! eagﬁ.{ﬂeF HZ& pﬁfﬁl&? cﬁgxﬁ% Bgn éﬁ?’ cables 120‘

can BhhseRt Efgﬁ%ﬁ&dﬂ Jfatﬁﬂs‘jghﬂ@tat %ed%ﬂ;ﬁ‘oéihﬁi t Al s%rt[%@ﬁhg 20 gigabits per
processi ng. For exanpl'e, in-one erbodi hent’,

seconfle cabl ed group 100 conprises seven cables 120
positioned | ongitudinally adjacent to each other over

VI ap I SERNAGTY FaEMBODIMENTS et er | ength. The cabl es
120 are arranged such that one centrally positioned

[00168P! eTHe24boSe ABIchipHBA 8inBhdbd e B NRKtraive SRAMR Sestdive! Many
this configuration, the cables 120 can transmt
embhd@wn@peddamwums gmlaﬁrsthm theacmmpqopmzﬂwd ngowdde apparent to
those ‘Of SR th e ar? u%mgfl ?é’zfdh% e abg‘?ecgescnptlon. The scope of the invention
should be determined, not with reference to the above description, but should instead be
determined with reference to the appended claims, along with the full scope of
equivalents to which such claims are entitled. It is anticipated and intended that future
developments will occur in cable configurations, and that the invention will be

incorporated into such future embodiments.
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VL ALTERNATI VE EMBODI MENTS [ 00160] The above
description is intended to be illustrative and not
WO e®b045853 ve. Many enbodi nents and appl i cat i onBCDUR®N4/034073
than the exanpl es provi ded woul d be apparent to those
of skill in the art upon reading the above
description. The scope of the invention should be
deternmined, not with reference to the above
description, but should instead be determ ned with
reference to the appended clains, along with the full
scope of equi valents to WRiAIMS8uch clains are
ntitled is anticipated and intended that future
Whag Jél ‘Dtgelﬁ‘ts wi Il occur in cable configurations, and
t hat the i nvention will be incorporated into such
futlure eheRis FEeh compmsingAl MS What is claimed is: 1. A
cabl g,k ortiaon fo :
r eg| ons doekg(g:rhf s%lrgélglgsg F%hhs %§ gﬁ‘ﬁ 1§88 B 1gure<9 to selectively
receb@l eplisted ipgirradeshiitcidrs] whetitkaRBbdse PorGONFRIILE §b least one leg
wherei n said base portion includes at |east one |eg
withyp tlengih |26 depsh approxigapiely gapalowi thatditmeter ofiithe snelcbd’ufyely received
. di of the selectively received tw sted pair; and
tWIS%d%glgd one extension, said extension extending
r adi Rlabtyor@ U kdnf £0MeS@hsion @;&eﬁhné PRI RWEASHbARid Teg at
extent. 2. The cable filler of claim1, "wherein sai
leasiapredetinediestent.s hel i cal | y tvv| st ed along a general |y

| opgi t udi, nal , ax OMen ;A a fined .distance.
099, L0l St 1| S SR IR bl e
along @n@hérany é&ﬁmgitddlﬁﬂkﬂx@s dvek higibasy nge%%ﬁﬁé/c?ﬂlst%ﬂéed

predefi ne istance. 4. The cable filler of claima1,
wherei n said base portion includes curved edges

configu fd1ti use the I vel.y received
furot od 1ha i Blegitch ol 8ol o Rrie s (BferdRLIHEL: of el et iler

varié&aiver eagagﬁab@ﬁbd(ﬁsteg&anded to forma curved outer edge
for receiving a jacket. 6. The cable filler of claim

1, wherein there are at |east tw | egs each having
4. The cable filler of claim 1, wherein said base portion includes curved

edges configured to fittingly house the selectively received twisted pair.

5. The cable filler of claim 1, wherein said extension is expanded to form a

curved outer edge for receiving a jacket.

6. The cable filler of claim I, wherein there are at least two legs each having
an extension of dissimilar cross-sectional area, said regions are configured such that a
first subset of said regions more proximate to a largest of said extensions includes at least
one region configured for selectively receiving a longer lay length twisted pair, while a
second subset of said regions less proximate to said largest of said extensions includes at

least one region configured for selectively receiving a shorter lay length twisted pair.
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an extension of dissimlar cross-sectional area, said
regions are configured such that a first subset of

W@ 2004/043863 ons nore proximate to a | argest of sBETIUS2004/034073
extensions includes at |east one region configured for
selectively receiving a longer lay length tw sted
pair, while a second subset of said regions |ess
proximate to said | argest of said extensions includes
at | east one region configured for selectively
recei vi a.shor. ay.length tw sted if. -b50-7..

ThZ' cablnlglef ?ﬁ%rée?ﬁl%% % léflpnp WH@FQ ﬁm‘géiaglaecég‘?relsqunﬁéwed for
positipiag nidigeneth meCd@QSdableonu&gaﬁﬁgaa@qgést 34SHEA Mistance, and
cable filler along at |east a predefine I stance, ARG
wheggie seidh calde dillealis dwistdd elong ssatdvisedomd @bt gilisaiodersacrag said
blde filler over at |east said predefined distance 8.

pred‘lg'ﬁ%e c‘yﬁﬁagcefi Iler of claim7, wherein said cable filler

is twsted at a filler lay length dissimlar fromsaid

second cable filler's lay length at any point al ong

saBd pr dtefcabledilldi st daine7, wherdhaaidadable filidrlietwiqéd &l Afimer lay

, wherein.any one of said selectively received -

Ie“gﬁwdksf’é‘a‘?aﬁaff?@ fud sgeangy.c bg%é’ﬂﬁrﬁhlév lepgihl & a1y prinkealong said
predbfifdy &8@ntay | ength of the selectively received

twisted pairs of the second cable filler. 10. The

cable filler of claim7, wherein said cable filler and

saj,d second cable filler are twi sted at dissimlar

fifler Iclg‘ﬁ qaglggflflﬁ? of Gl $avhareia ) enet lvasid) seletiwelyardceived
twiste® tHay ' | ' i1l sai d.
TR e S 1ROl BT VAR DI LR e SBochven
received visted pairfobtheabdondfchbledilleaf claim 7, wherein there

are at least two | egs each having an extension of
dissimlar cross-sectional area, said regions are

comndi gu - hr yh i d regions
m)!rﬁe): o gﬁn? ﬁgﬂtﬂg %%I%pgitﬁlggr{g Z’S\t%% ﬁ’lsszl?%caeiet éﬁ rla&%lgsgld second cable
filled ! gretissecatat |démihilanBliere giyotengaial b@lr @t ftBE selectively received
sel ect i.veclg Jeceiving a_|onger lay |ength tw sted
respechive twigted Bais Sevisheatle fidler ard saidj sgconsgrabies filleskave dissimilar
resuldr® Xy Bh&nt 0 said largest of said extensions includes
at | éast” one region configured for selectively
receiving a shorter lay length twisted pair. 12. The
caﬂee filler of claim1, wherein said at |east one
 extensi dAe el fillesotlaimy Biwhereia there arecsitlesst by legnasch having

an eé%{gég}r?g of | i sttmt £ %r0%- Bt drfaf brcB! gzggfrieéllgrcxjs gt c:eo%ifiggrrelg sich that a
first subset of said regions more proximate to a largest of said extensions includes at least
one region configured for selectively receiving a longer lay length twisted pair, while a
second subset of said regions less proximate to said largest of said extensions includes at

least one region configured for selectively receiving a shorter lay length twisted pair.

12. The cable filler of claim 1, wherein said at least one extension includes a
first extension extending away from a first leg by a first predefined extent and a second
extension extending away from a second leg by a second predefined extent, said first

predefined extent being greater than said second predefined extent.
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ext ensi on extendi ng away froma second | eg by a second

predefined extent, said first predefined extent being
wQ@e@anessss han sai d second predefined extent. -BAF1S2004/034073

The cable filler of claim1, wherein said first

predefined extent is approximately two tinmes said

second predefined extent. 14. A cable, conprising: at

| east two twi sted pairs of conductors; a filler

including a base portion having at | east one leg with

a length at | east approximtely equal to the dianeter

of said tw sted pairs and at | east one extension,

sai@d ext@ps agi u

vai, ox s bae SATHH Mhh ], ApteU ] TR evcnt
apprdxamatel4wowhessesiatl ssedrd predesired epeif.s are helically

twisted with respect to one another over at |east a

predefined length. 16. The cable of claim 14, wherein
saig fil ' lically tw sted over at |east a
pregéflﬁ%g&ﬂé§m rIsI\?Aﬁérein a lay length of said filler
varat Bastawertwistédpapk @ ebndvethrs;engt h.  17. The cabl e of
claim 14, wherein said base portion forns regions, at
| edstiller wglyding @ﬁva%p@rtlpegmm @tolmstgcmeehsgtwh a length at least

ce |on Ien Wi sted pairs.
appx%g Iﬁ%%fg g"%ltg?h &I ete%) ﬁud émgtF §§P base portion
| nak kassoreWExVERioRISes creRdib ‘
said tw st eé( pall rs. 18 Tﬁelggg%gghgflgcgﬁly %ﬁwﬁl&]ﬁﬁﬁ%ald leg at

1eas§&P@dPﬁme§1teé€anal rs conprise longer lay length tw sted
pairs and shorter lay length twisted pairs. 20. The
cable of claim19, wherein there are at |east two | egs

eadls. havihegasle o ¥laah 3klOﬁh&ﬁmdda&ﬁﬂw‘ﬁé@gaﬂrseﬁgtn@hca?{lgitgisted with
| onger | ay Iengthtvvlstedfpalrs are positioned re

respeg A0 gpe #qtaar @ vebatdedsbmpredetinsd levgth. ext ensi ons, whil e
said shorter lay length twi sted pairs are p05|ti oned
| ess proximate to said |argest of said extensions. 21.

ThaecabiTae@bblelodtiiind 94, WheERI Rid MErSs Hélﬁa@? 188 LvEM least a
| egs each having an ext ensi on of dissimlar

Pledéflé%dslﬂgﬁfht Wherain slep lenghaifdaldofiifpevatiayovee sajd pradefis¢deidngth.
pairs are positioned nore proximate to a | argest of
sai d extensions, while said shorter lay |ength

7. The cable of claim 14, wherein said base portion forms regions, at least a

subset of said regions configured to selectively receive longer lay length twisted pairs.

18.  The cable of claim 14, wherein said base portion includes curved edges

configured to fittingly house said twisted pairs.

19. The cable of claim 14, wherein said twisted pairs comprise longer lay

length twisted pairs and shorter lay length twisted pairs.

20.  The cable of claim 19, wherein there are at least two legs each having an

extension of dissimilar length, said longer lay length twisted pairs are positioned more
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twi sted pairs are positioned |less proximate to said
| argest of said extensions. 22. The cable of claim 14,
wob@seisssai d cable conplies with industry di neCEUS084/034073

standards for at |east one of Category 5, Category 5e,
and Category 6 RJ-45 cables. 23. The cable of claim

14, wherein a void selectively receiving a gas such as
air represents |less than approxi mtely ten percent of

at |l east one of a cross-sectional area of said cable

| v [ ver a. predefined di stance.
proSinéo PABR O o5 ARBRS. TR sely SAGTRE IrCRAgM Gt s e
posjtiakdiess prokiie tdghid Rirgbsf bf il exddidiongl d twi sted pairs, .
wherein a dielectric of said filler, said jacket, and
an insul ation of each of said twsted pairs are all

W thyin r Qxi l. diel ectric constant of one with

r esjgéct a@% Cegién’ﬂ&locﬁﬂé} ?9 HEIeTeE eé'ﬁﬁ%‘eeatgiﬁasé %P dggBsach having an
extdngioh N6l dRGINITal Trétd-sedidrdl kil RYS! 1o OMGE1S Rl :

filler and said twisted pairs sucwn? a?dystelleﬁgthj 'ZVY:I%SF pairs are
posigiepcd Hltor? ProXiagie é(aitaﬁlaltgm' tglgm%attemé?m, p/;hﬂbfshﬂmh\gg@h lay length

. 5 0..qne ot her . . The cable of claim25,

twisttEIRTS ot st PrOYUP AR selt larsef Pk witenségns. an

‘ outer jacket, wherein a dielectric of said filler,

said inner jacket; and an insulation of said tw sted

paiZ?s arldeatable afhichimppf,onihemire|sgida cdble! eshiplics with industry

- nstant of one wth res t to each other. -53-27.

dimiohal s fOF af Tershoond AL iseATiaS o e do b ietne raicRI-45
cablesv sted pairs does not vary nore than approximately

0.01 inches while said filler is helically rotated

along a generally longitudinal axis. 28. The cabl e of

cla,m1 rei.n. each of said at |east one extension

ex? g'nds%%ygﬁa of frladm b Vibggin arvoid selessiyelvasedivingla gasesach as
air rEpre@ints) 18&SthaP BSHrOtinSAd1fl tdnVi PR af ,least said

g_éedefi ned ex%kgprgt Y gAetn ‘éﬂgg‘feggoﬂgglolg%} B%:{%ﬁ%?icgolsﬁ'é?&ﬁma area
of sgigrahlesndaieluineof sdilngblabvireantddfived cpgies! or S

extendi ng along a generally |ongitudinal axis, and an

i nsul ati on surroundi ng each of said conductors;

whes.ei NThaksble of claim 14, further comprising;

a jacket surrounding said filler and said twisted pairs, wherein a dielectric of said
filler, said jacket, and an insulation of each of said twisted pairs are all within

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

25.  The cable of claim 14, further comprising:
a jacket positioned over said filler and said twisted pairs such that said jacket

generally fixes said twisted pairs in position with respect to one another.

26.  The cable of claim 25, wherein said jacket includes an inner jacket and an
outer jacket, wherein a dielectric of said filler, said inner Jjacket, and an insulation of said
twisted pairs are all within approximately a dielectric constant of one with respect to each

other.
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conductors are tw sted generally |ongitudinally down
said axis at a lay length; a cable including an offset
WO pdosees8shd at | east two twi sted pairs, wherei PCHEBIH04/034073
twisted pairs include generally dissimlar |ay
| engt hs; and at | east two cabl es positioned al ong
generally parallel axes for at |east a predefined
di stance. 30. A cabled group as recited in claim?29,
wherein said cables are independently rotated at
dissimlar cable lay | engths at any point along said
predefined distance. 31. A cabled group as recited in
cl apm 30Thetdlehiclsa Bk, Gaelén |aakﬂst£1§:@g§et\/§eeﬁxa§a}’d st t!ec?ﬁacﬁ s does
than a predeterm ned anount from one anot her such At
not yeryrmsscha approviinstedsd0 fhinchenvhdasald flek eshdliexley rotated along a
di ﬁsi‘m' Lar. resultant lay |lengths. 32. A cabled group
gengrally loneitdnplaX4- 3i m 30, wherei n each of said |ay
|l engths of a first cable's said tw sted pairs equals
no nore than one of said lay | engths of a second
cabl®&' s B chblovdfsianh bhiwheredv eschsdisdidnit eelef bmesktension extends
di stance. -54-33. A cabled gr oufp as recited in claim
beyarrl agquiek pheesofi 2icroscHonH efacizit dopshoneipS saidhitwisied pairs by at
s such that each of said lay |engths
leasgfggheggér?@%?écgggédﬁcabl e's twisted pairs is nmaintained
wi thin an individual range over said predefined
di Ziance 34. A cabled group as recited in claim 29,
wherei n A5ibederouRLomprigEabl es are helical ly tw sted

to : recgited in.claim 29,

wner O Sl fiar i EERe 3, IR0 "B oy ey eeneratly
longitudivg] saisg asd s isdul@iohi dutundiay che@ngt Baiguehdidiat; §Rbdin said

filler |ay Iggngt hs of said cables are dissimlar. 36.
conductors jagsf wisted, genggally dengiwdinally down seidgxisdierdel langthi d

-of f Is : e I -sect.ional. area o .

cai ey cplifing s RER M0 % T BT By Phegfin saia
twistedcpeitsénclgdeogaently dainiied ldylesdtd; a9, wherein a void

sel ectively receiving a (gas such as air represents

| e BtV 5SS rPé’th'lO}?e eonge geeaigllpfpagallel ess fonet deast a

RrGES ional area of said cable and a vol une of
presall?]d gg%ﬁg\é over said predefined distance.

30. A cabled group as recited in claim 29, wherein said cables are
independently rotated at dissimilar cable lay lengths at any point along said predefined

distance.

31. A cabled group as recited in claim 30, wherein said cable lay lengths vary
no less than a predetermined amount from one another such that corresponding twisted

pairs of said cables have dissimilar resultant lay lengths.

32. A cabled group as recited in claim 30, wherein each of said lay lengths of a
first cable’s said twisted pairs equals no more than one of said lay lengths of a second

cable’s said twisted pairs over said predefined distance.
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38. A cabled group as recited in claim?29, further
conprising a jacket surrounding said offset filler and
W@ 2008/043855t ed pairs, wherein a dielectric of sBETIUS2004/034073
offset filler, said jacket, and said insulation are
all within approximately a dielectric constant of one
Wi th respect to each other. 39. A cabled group as
recited in claim?29, further conprising a jacket
sui TQundi ng said offset filler and at | east two
tw sted pairs, wherein said offset filler and said
j acket are such that a distance between said tw sted

paizs doga bRl F&lYadRERed HEaBRRD %hgﬁ“ig q gab?%st are Iotated at

inches while saidtwisted pairs are

dissihdageabé thypleagibt isnetd tidit ®hatn of saidGhy 4éhetty 6REIBLINARHBable’s
as.reciited.in claim?29, wherein said offset filler

a

twitebpaigds maintaiped Wilinandndividualrages evss seldaxedsfiseddistance.
said first extension being |onger than said second
extension, and longer lay length twisted pairs are

posi4t i onkdatited grompax iretted it olalAi2d, Whérsin £¥d &NEAsPwo cables are
\Ié:girl e shorter lay length twisted pairs are positioned
heligallydwistesktogelber-t o sai d second extension. -56-

35. A cabled group as recited in claim 29, wherein said offset filler of said
cable is rotated along said axis at a filler lay length such that said filler lay lengths of said

cables are dissimilar.

36. A cabled group as recited in claim 29, wherein said offset filler extends

beyond a cross-sectional area of said twisted pair by at least a predefined extent.

37. A cabled group as recited in claim 29, wherein a void selectively receiving
a gas such as air represents less than approximately ten percent of at least one of a cross-

sectional area of said cable and a volume of said cable over said predefinéd distance.

38. A cabled group as recited in claim 29, further comprising a jacket
surrounding said offset filler and said twisted pairs, wherein a dielectric of said offset
filler, said jacket, and said insulation are all within approximately a dielectric constant of

one with respect to each other.

39. A cabled group as recited in claim 29, further comprising a jacket
surrounding said offset filler and at least two twisted pairs, wherein said offset filler and
said jacket are such that 2 distance between said twisted pairs does not vary more than
approximately 0.01 inches while said twisted pairs are helically rotated along said

predefined distance.
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40. A cabled group as recited in claim 29, wherein said offset filler includes a
first extension and a second extension, said first extension being longer than said second
extension, and longer lay length twisted pairs are positioned more proximate to said first
extension, Whﬂe shorter lay length twisted pairs are positioned more proximate to said

second extension.
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