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APPLI CATI ONS [0001] This application is a

inuation-In-Part of U S. Application No.

Wozﬁquff?%%, 254, filed March 14, 2003, whi ch BCHUSHIHORRUO,

Conti nuation-In-Part of U-S. Application No.

10/ 321,296, filed Decenmber 16, 2002, which in turnis

a Conti nuati on- IXOMMUNEEATION WG| i cati on No.

10/ 253, 212, filed Septenber 24, 2002, the entire

teachi ng @rgshRGSprRmitRT0AIIARRS ARBLIEATIONGOr POr at ed

herein by this reference. FIELD OF THE | NVENTI ON
{0001} 0o dhis applicafiercisarftonfimiagon-froPart of 146 edpplisation Noql 0682854,

| . i ng th ND,;OF
filed N | o s e R U PR N o
10/32p2f#b, fited@ecanlpnd 652002, vhichiiaiturg is aCaitadatial-Th Partdf U.S.

.tw sted I.r.ngl uges at | gne pair of insul ated
Aol WD Pt Sealtier o 200 Gtaraie b hina s vio
applicGieund Helr@linddBpdrate S BP thidkfef@bdods known in the art

may be éenployed to arrange and configure the tw sted

pairs into vari oqpmﬂi,gp-rﬁ@m‘&g,qﬁﬁpe transm ssion cabl e
- arrangenents. Once the twsted palirs are configured
[0002] nt dhe presauibinvension relaiesto an dmpriovest wice arjdanétbodsiof making the
typically extruded over themto maintain their
configuration and to function as a protective |ayer.
When nore than one twi sted pair group is bundled

together, the _conbination is referred to as a

nul ti -pair cabPACKERYBP OR THEINKENHENGr r angenent s wher e
0003f he oneRfd iR itihe S ' | T
[ _ Iar Q'..straﬁfggg,r&tv\n %P??%?glndt%tﬁ&l;ﬁltgﬁ{ﬂ%%sgﬁ g%%’.‘ﬂg\%/%ﬁ%gpéﬁ?d éfj§
twisted ppisingludesrat Isestpne painef insulatddecondusices twisted atgut eriapether to

Fi there i s the tws f. the.wi,res that nake
form o SpogubBE Ry & pbierlof o ol 1 el e RO | o
arrange bnd dvafigive Steatliseal gairs inbev@iobshibiperforinghceQfankhisivh sble

strand tgﬁzt formthe copnductor. Taken in )
arrangermels. {angedhe twiziedpas pre copiigugdinte thedesiredh ‘o o plastigt ed
jacket &f thSedlly Rfuddd ' indRiPShnki | i
jecket FGHy Rudcdorihéin B} QB R ConBARAS dea0 shoBfGHED
protectiyejarers When grom ban ene toistedgait gofuptihiaindlid itegetion thed

. . AN -he. time at the opposite end
combﬂé%@ﬁl.(glr%feﬁ%bo rag{}%lf‘q’g'lrgﬁggdi fferent twisted pair
[0004]i r Escablilipatangéndnts WikROHE eatdstorstwithii theivwits of he eviseg e

in S|é;nal tc[iﬁnsm ssions between the twisted wre

pairs apirandeg; o dittereptabtdnteractive spfbpkistocan bgpraentintic sitinal
- configh®tion. First, there is the twist of the wires that make up the twisted pair. Second,

same.

within each individual wire of the twisted pair, there is the twist of the wire strands that
form the conductor. Taken in combination, both sefs of twists have an interrelated effect
on the data signal being transmitted through the twisted pairs.

[0005]  With multi-pair cables, the signals generated at one end of the cable should
ideally arrive at the same time at the opposite end even if they travel along different twisted
pair wires. Measured in nanoseconds, the timing difference in signal transmissions’ "~

- between the twisted wire pairs within a cable in Tesponse to a generated'signal is

| commonly referred to as “delay skew.” Problems arise when the delay skew of the signal




commonly referred to as "delay skew. " Problens arise
when the del ay skew of the signal 16 March 200716 Merch 2007
2004/ 029993 PCT/ US2003/ 028040 transmtted by one

ed pair and another is too |arge and the device

e
WOZ‘}O%’@%% ng the signal is not able to propell§p03/028040
reassenbl e the si gnal . Such a del ay skew resul ts in

_ transn%%t@ﬁ‘?ﬁ 3 g p"fi{r ]ar?t%%\o 1is ?3‘0 lg%géﬁld %IL %%\91?614 f&ﬁf’l‘g %1 sten a
is not (ablmwlmopfaty mnsmﬁﬂé the sighain Sucl‘dﬁdlemy sR&V2 YesTItsQh brdiiini Saih

g E&"‘}tl ncreasingly magnified. Even the delay in
errorsrﬂr 19) reassenbling a transmtted signal because of

[00063 i gﬂﬁbrc&%?\lﬂsmdﬂuoué\?ﬁk"ﬂffdmﬁ@{ﬁlbﬁas%@ﬁ 18 @e(?@héfa af f ect
si gnal throughput as nore conplex systenms with

Comqﬁ‘é’é‘a%‘mf@Ph?aﬁ@%%@dkwpwblmwsﬁbwm umcrmtesly aragnified.

B | r
ven glr%g%@%ﬁg%r})%hn eve ope Eg ﬁ%p ex, %&%%Fws%ﬂeled
SIgmfw@im aqussal)r aéfem,sﬁgnal tbmughpuc aﬂillssasmdrdﬂccsﬁpl@maﬁms with

nd._m nl m z del skew. [ 0007
neods rdfebed B8 eiso? "%ﬁ Fhloies Finetreaty %ﬂeegg?réewgoved
data bl ediort Hag ﬂﬂ@m@bﬂ Sliﬂﬂ corBpleL ik GRed Bkl ré?ﬁm&ﬁﬁl haife-
That is, the signal throuahput i ncreases as the

cablesd@@?%é"srmg&ﬂ&aﬁ@fﬂ%@&@ﬂé apigeeases as DK decreases.
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attenugliqnivaiuepaf theywire] That e s(gaﬂphmagﬁpungcr&f)ses & thd Dﬁmcreases

and al AYRIRHeQURE: At ARuLAL L LHNUTLOL bl 8 IR o
amveﬁmﬂfel quiktyomd with&s Bistofont MAud, ﬁ%ﬁfeﬁlmﬁftﬁa?&q&wéﬂ"'e
skew of the twisted pair. CGenerally accepted

del a
(aPPmaengél)slﬁ alyaysfapgedpvsgan Boiatpd qudugsergwifh 4 highes DFh ate.
greateP@hi 251 gnal s shoul d arrive wi thin .45 nanoseconds (ns)
of each other, based on 100 neters of cable. A delay
[0008F k evin Uﬁstt—'thpar amlgml:lmsdme DK pﬁtbt)inewmioncaﬂntteme ldelgin skew of

the oS R Ea Y APocbrea LBy e ared o O VA B L

both sigasls shdunmm?@wﬂﬂsn 4511@1@@&4)@ (ﬁsg oﬁ?ﬁéﬁ bihey, P@s@@ oR 860 M6ibrst O
n addition

h|eved |n practlce
of cabg é\/& BRyskew of r@aangtudﬁag/prpble@mﬁewhmm@ feuencysiesalsi n a
(greatéﬁﬁzh' 190 h\mz) awu ng ttéd tﬂyslatﬁle hEs tﬁ%@lfl?fﬂ%ﬁﬁoftl&s

just the e ree o
than 20 n&ulcanwreﬂcsnpnmt andshas -ﬂftlt&bﬁ achiewectunrpeaq:uw ed a redesign

i.nsul at.ed, c n tor [ changi n
100093 _ G NG R G e an Al Gt ey i hppstichfar
twisted pﬂﬂd)ﬁ'hmlﬁ@air eabmwma latgustw ThlehSh @ 86phdel of Ahist of the
ties ance and attenuation: [0010] One

msula'g‘{i PABEOR: Taﬁ ) W@%&duaﬁgdﬁm efithe galated epndupier, intbuling:
changinB the'BEn@dr of m&%oﬁﬂctropﬁd the thickness of the insulation to maintain

suitable electrical properties, e.g. impedance and attenuation:

 [0010] One attempt at an improved insulated conductor included the use of ribs on the
exterior surface of the insulation or channels within the insulation but close to the exterior
surface of the insulation. The ribbed insulation, however, was unsafisfactory because it -
. was difficult, if not impossible, to make the insulation with exterior surface features.

" Because of the nature of the insulation material used and the nature of process used,
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exterior surface of the insulation or channels within
the insulation but close to the exterior surfat@Msgch2007
the insulation. The ribbed insul ati on, however, was

: unsatlsf actory because it- was diffi cult i f not
WO 20040883 bl e, to make the insulation with BXE/EF2I(H028040
surface f eat ur es. Because of the nature of the

.exteng@ Lcatféa%?;%s ‘Kﬂﬁ‘ihﬁ @%ggcd g@%}g gggéuf)nstea v r{bg(\:)v?t sharp
edges 6 ibASZRNIBAHIZ%E At dQh &S TRYohRRd rdseRishFestREhfihde

indistinct and poorly fornmed. Instead of ribs with

materigls shah do gefdekl th%@aw mﬂ st ysiag an edropion Aigdeiform thrmirface
featurgﬂ %ﬁ% gpaﬂﬁf{%%llﬁ %fhé cRhshhdRel c%fls gbrpglateﬂﬁttﬁ{ds W Surge

err ape vve using an
and expand. UBiiosurgin grounﬂsfedgmandh ﬁllsmrspmebetﬁvemtfeategs

roo11] B PG e bndelor v e b Bl S e o

electrigal(pgdpagics. ommpa@a Bawesttibstohdylb? chitahaee svith dirv@rnwater.
‘ features. [00Q11] Insul ated conductors with ri bbed

Thesejcarigmients peggireedy pifcstithe &K ofdht mpnjatgq @wd%@rbec%lﬁ%@? ri cal
cpntarﬂfn@nﬂ?ﬁ&xﬁe?ﬁ{s Hd %Ie%ﬂaélg %mgi:t]lg‘%ﬁmg E}/gc'aﬁ’f_r Ber then the

contamnated with di ese contam nants
insulafieymatenid] Thefdryog DK ef b coftarninents willigisg thd ovaaitinstleied

conds5EER Sl i S ERE A PR, R 1 BBl Sk St o

speedﬂBikewisaJ contaffhaind iwith MphBIKBK afill kA& (RO epill IR BE the Mshiation,
ive the overall insulated conductor a DK that varies

Whlm&@@ﬂﬁg%t‘f’%lﬂa@%&%g“aW% will in turn negatively affect
[001215' g‘ﬁ?shlatcﬁESlﬁﬁctd‘s' \Jﬁg-}’\eftr%@d ax&P&%ﬁrﬁ% by u\% bifo Bﬂo%t%ﬁ DK

rai se the ove ation,
Cablma I\*-stb poenpiysicad prppertibs shichdi tpmafegsasled the e[eﬁmltﬁ]pmmstwsat ed

orsvvlthrlbedandch nnel ed i nsulati on,al so
DecafAHUEH B B o AR 6 SRR sl DL B .1,
channélad mwlmaibegm deslateh eorlueibisha fednsRisQROEily 106 crusBegaiges;
% Ilmcied amount of rmterlal near the exterior
s0 oy i BongRed eBBERPraRaY RAIGHFR ecflli%Frfﬁ@P sppoledatithgey dsfprming
the rib3 Hﬁ&‘cﬂaﬂﬁéﬂ @tﬁ%nﬁ%ﬂc fohra A I%éiﬁtlt GO fhdc¥ept Y%

crush strengths; ow t ated conductors
becausedmaltes mavefactive, mrag and nts@llstpmmfelds inistlhtodicondudtorneariy
:mposglgﬁ ri bs and channels of the insulation. Froma -

practical standpoint, this is unacceptable because it

[0013]Tek dhe omEIfEEtht 16hs a8 olizgels &rtﬂhdmﬁbg ysithilparesding i s
i.nsul ated conductor nearly inpossi [0013] The
insulagion, Y phsngs the phae plijhesy ﬁ‘H’“E?ﬁaﬁ‘}li‘@I @llapga@wﬂ& mﬂ@@e the DK

of insRHCH! @R ke OF pARAMRAN tyd: AStHcBls iﬁggaﬂ%ﬂ éabrl;@a@ Hfistidy

shape of eat ures

pair of lnmlfummdlms ogethef Thxssjcpeaxf l:omonaﬂ)maass gepeoidk apbigsd. cal
Thus, terveefysa:gggf ng a tw1s?ed%%1%%§a§'as£ er 3? égm}%f:nm%g 915 eﬂa%tnc?ﬂ
properly of these insulated conductors. '
[0014]  Another area of concern in the wire and cable field is how the wire performs in
a fire. The National Fire Prevention Association (NEPA) set standards for how materials

| used in residential and commercial buﬂdmg burn, These tests generally measure the

- amount of smoke given off, the smoke densuy, rate of flame spread and/or the amount of

- heat generatéd by burning the insulated condi_lctbr. S'uccessfully completing these tests is
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pair of insulated conductors together. This type

torsional stress cannot be avoided. Thus, the ‘J@MBIChZOO"'

act of nmaking a twisted pair nmay severely conprom se

the electrical properly of these insulated

conductors. [0014] Another area of concern in the wire

andcable field is howthe wire perforns in a fire.

The National Fire Prevention Association (NFPA) set

standards for how materials wused in residential and

commerci al building burn. These tests generally

A RRSEHO8 CreRdng wiringrihatdg cosfmim@d gife andesifoderigre sngdseAs consumers
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SRt bl SR RS AR ARCL A il B TRUTERE poin.

[®dgLessf lHnoyvnamtpdlm fongsd ilneth@inmdstim ofswures sbéh h&aﬂwolnolymers

h%}%fdgmﬂa%?? qucg t1 R%‘ope 1§ sal}c ag io\% f)k’] %H’é li;%?%o yr(égrg%re co mgaratlvely

eyepmanee Cﬁhm&embuﬂdstamﬁp&s@{pmwefbut dens niiasiise DI, hndaﬂhﬁs)delay

sel i 0 001 nown mateyials
Y TN R TR T AT T
flaas hﬂ(ﬂéﬂneraﬁd @idkeits algrepfed pakititem HildedpotindrowndWus BYless desirable
fl uoropol yners are conparatively expensive. O her
me%sﬂﬁl&aﬁﬁla?%nﬁt@g%nge%@ns.ve but do not nininize DK,

[oangl t hus THES Were RlaaiWed tR? aSARRHHIBREscB he 11m1tat1ons of the prior art to
f.I uor opaol yrrers Furt hernore, non-fluorinated ners

effscprly aumimize dehy skew 2gé a@vaieénémtsé of 6@%&3@&\@?1 e also being cost
- effetlifUndi AR thldpg.opol yners and thus are |ess desirable
materital to uses in constructing wires. [0016] Thus,
there is a need for a wire that addresses the
limtations of theyrf ly mnimze
del ay skew and prow dﬂﬂtﬁg# msﬁgﬁigdngm ssion
- [Opthéd]e al $wadwerdageecwih onedshent bf the peasentdinesationy uliané isgrovided a

- SUMVARY THE | NVENTI ON J 0016a] .| n accor.danc
IR AN om0 RO RS T AU 8 TGS RS TBF U asgnd wires
being tivistedcabomitne @adther) bt €irst aiPsdeshdiredeach bftludiig: @ conductor

d wre, the t andscondvvl

and. a seco i r
ex{e&?@s aifng B eneliRa LR ﬂ%{ipﬁﬁﬁwwﬁ@l ?WW&H@%@& efitiuctor, the
poWinicis iRakiioh Qefinfj agluraalty BNeHafh) thaexk@adildig tRé RASinAinal axis,

I'gngi t udi nal, axi s; and pol yneric insulation

thesehapprinbringciryf @Sﬁwatseacedﬁﬂ@lveﬁ@ pyerenoither jabay the Gogductor, the
| ch%fels Qbﬁ‘ﬁmﬁlqoéag F @dithy c&lﬁu&mﬁaﬁ{iﬁg bR 8kteAN S A BuhdSnner

i tudinal” axis, channe bei ng
sud@ﬁ ﬁ&tmmﬁls isagh thatdhagrsavithin theichanels inerposeo il exédsion surface of
thd D6as8 uctor the channels containing gas, and the
' congl i ncl udi ng an exterior surface that bounds
[0016bET shdmomlhmtemiﬂchmﬂwe hepesiudithe pragent ineergms, thirehis provided a

' da{ Ergn%%ﬁ%@i lt:%nlle comprps‘lz)ng(:"(arlj P u?al}tsb of t%?%tg& 1'3&911[5 o%légltfa%r%relsrgifssion

conductors, each of the data transmission conductors being covered by a separate insulation
layer, the plurality of twisted pairs of data transmission conductors being twisted around each

- other to define a core; and a jacket defining an interior air passage'that extends along a length
of the jacket, the interior air passage having a central re gion including air and a peripheral
~region including air, the core being located within the central region of the interior air passage
with the core being exposed to the air in the central reglon the peripheral region of the 1nter10r

~ air passage including a plurality of channels that are circumferentially spaced relative to one
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[0016b] I n accordance with another aspect of the

present invention, there is provided a data  16March2007
transm ssion cable conprising: a plurality of tw sted
pairs of data transm ssion conductors, each of the

data transm ssi on conductors being covered by a

separate insulation layer, the plurality of tw sted

antief sbovt tidaba, thadiBihgSinodHe Atk AfrSn ﬂﬁlcﬁﬂnfelléfﬁb‘éir@d
oth r to deflne a core; and a jack

3.(@1‘ ‘ij nd each
indliq compgunicationathy the aix i1y the senimd Eegionde “@)&héh‘a%or%rwaossd the

J&&I&Fﬂﬁ:fhdu@fanﬁﬁ%ﬂp@ﬁiéﬁtat wa@E tlierhthﬁﬁﬂe@sr ar@Héﬁﬂéﬁ%ﬁ@ﬂ?oﬁ%o@ﬁon that
a central regi on i ncl udi n air and erlphera

S“Fféglﬁfb*ﬁhﬁ’ WEPI R, aach of theechargiels lsaérmggwp GLResinE sifesi side

I
i oBaRd e 8008 LAl RAISAEE b oposin
Sl¢eé é@rm digcrasely edempﬁé:rlatom@rg wath thé oprieeing nides, iand an efien side that faces

I f . ngl hat_are
inf AR08 ot 0e B DOrBich, B Bl B SO RANES Bd B dpnert of e
jad@Qand teotiber dbxhamneisftenrg(grenteﬁthm b amnbérf itwisted gringof insulated
dﬁ%nmmnmflacr n the channels being in fluid
Conmint ¢t 8%‘“??% the air in the central region to
which the core is exposed, the jacket including an
i nner portion ' [ ned and an
outer portion hwlﬁgﬁww*m%ﬁ each
[00f7]t he clFRGNEiWRAPRPedtVe, REPOS cittvily A8y offa \Siréi 8ccording to the
i nterconnecting the two opposing sides, wherein the
m§$%%mWﬁF@Pconnectlng the two opposing sides forns
[Odl%c r et elpyG Hakishal BB 8eGRARE 8 witdldecdrif Q@Ql@%l’éﬂ&qt invention.
and an open side that faces |nmard y toward )
[00HY cent FAB. 3 ghginsm, crashraeation oh anather avirangcordingtinm hepesent invention.
‘ al on
(00 Pl s 21 4 e d s bplotfie v Rp o xloh F X Elcfiing a wire
: MpmﬂmgtoﬂwmngmHHMEﬂnmmata transn1SS|on conductors
[Ogﬁd ErFs EE? f -Elog/tél & ersgec me v1e\}% t{ﬂog\%o %ﬁ %p él ot man acturing a

wmmmﬂlmyotthbﬁrhemmeﬁmnt i nvention. [0018] FIG 2
a Wi.re.accqrdin

[O@&j sent %i(g S%ﬁ%g’% ta'c?c?sg—%%cg]on Igf éw11§ g :wéh glgd jta(t:l(%t according to the
pnﬁkﬂﬁﬁvﬁﬁ@ﬁlon of another wire according to the present
enti on, 4 020] FIG 4 shqws . a perspect|ve Vi ew
n

- [0033 ] ext r u&lG, OySﬁ&FOSﬁﬁm*Paef f Mg gVIEh 4rrhegnel %ﬂc@&fiwwgaccordmg to

thg@m&ggug&ggﬁnt invention. [0021] FIG 5 shows a
erspective view of another extrusion tip for

- [0Vl uf act HHG-Ryshaws gicrass-gention af s §visted wike psiresent
invention. [0022] FIG 6 shows a cross-section of a
wire with a channel ed jacket according to the present
i nvent i on DESCRIPTION OF THE PREFERRED EMBODIMENT

[0025] The wire of the present invention is designed to have a minimized dielectric

constant (DK). A minimized DK has several significant effects on the electrical properties of |

the wire. Signal throughput is increased while signal attenuation is decreased. In




[0023] FIG 7 shows a cross-section of a wwre with a _
channel ed conductor according to the present 16 March2007
i nvention. [0024] FIG 8 shows a cross-section of a
twisted wire pair. DESCRI PTION OF THE PREFERRED

WO 20tBBPISVENT. [ 0025] The wire of the presenPCYHSAAMH0RHA i s
designed to have a mnimzed dielectri c const ant

addiigiobiay St 3 o i Popl iR ol Hop prittief P °
achieteldrtiougghthé utlizatigicsten Saptovdd ihlfddydatuctdr bﬁi@ﬂl@ieli Qbreias

de .g%% ased. In 4a_ 16 March 2007 WD 2004/ 029993
Ser 003/ 028040 addition, delay skew in twi sted pair

[0026RPP|A %8t 10 aﬁthb §m§€nﬂin%xﬁfeﬂ oD GonB AT 26 oed /o primary
achi eved through the utilization of an 1 nproved

insulafipg I 45 @@“@dﬁ tlo dnsglatips t4 alt?]e!desaibleest ase clutenat A6 tetiruns
f ent

the 152 B A, Mok bt Bl b BrRpRoon Q5P ol

condugior $h ol multiflk Ghandels k]ﬂseﬂaaited:ﬂ?mdéach n&ieusgelagsais dfeast

insuladle han el, 16.th E cf gth_ of the conductor.

nsuigy tf‘m W Ndres 1may “et“e?t? 198% é?]fopmaﬂ‘yw&fis)ﬁlé%d

showiAIR UG, 8. COYiSEE bafs, thaurn, 1k ﬁ@-%été?f 8RR R BhR o u‘Ptl—Palr cable.

. separated from each other by |egs 18 of Insu
Any Pﬁtﬁ%l nppgenaf fuisted prirsasaylie vitigedde acolilst @]@m@@mt}mhanmeicd

msulafl&{ ﬁ{hfbé e I'nec%aﬂﬁ' fibe%%pftlcsgf% o lstplgg éﬁ%}gl?e t%n P %ﬁg%(et 20

I n turn,

is optlnnﬂl](ylutlhzﬂdnn wirbl1@. Alsﬂnm ontent jagket mayibe usedfto EoveB s B sBdpdis
e rnately, the channel ed

til d bl
or 4B, EBiOGHY s SEROBORET i sl e e wiged e
suzrouﬁﬂMF @ cohdueRP bed othBPloStHos withia iRiwidd n a.gcﬁn&o Evh@lg&‘ b hiys

utilized in wire 10. Also, an outer jacket rmay be used
or cableg mag yikizeghiclding ed pair or a cabl e. Additional |ayers

| 0027pf %Q%Qsa{e}ltwn%oﬁ@?sp lofeﬁjne ﬁitvel% zﬁézrﬂ 1) iged

either surrou e con
wire 10 anshidepmeondintttn 12 shi‘.rauuied By ar mslﬂstabnnnpm‘he innilaiopd4pai r s

R N TR T L.

are sepaﬁat@ﬁ@dm kddholifer bylegsTiB Chdfirfies 160mik 99&%& RGO
12 surrounded béfgﬁ i nsulation 1 The |rllsu ation"14

outer peiphaydlsartage 4P of tie cendugipr kh ehapels iofdiis pepsesgencrally have
" acrosedeb ol & g&{\ﬁhﬂé A %lﬁ’#t t he conductor 12 that are

separate rom eac her by legs 18. Channels 16 .nmay

- [0028]hav &’h@cress&ectmnh)ﬁ mmﬂlml a:*.p,ectamﬁ theQidsext iPpehiidhie keeh i FIG. 3¢ €
ndu s 16 of this aspect

The ‘“ﬂ’ﬁﬁ’gﬁf“&tﬁ ';}"CIH %F&P‘gelffasg cl@@'aft? gligton diffsnia shapgifropasthe

channdl€ 08 GMB4prd¥ious aspect. Specifically, the channels 16’ have curved walls with a
_ flat top. Like the previous aspect, the channels 16’ are circumferentially disposed about
. the conductor 12 and are separated by legs 18”. Also in this aspect, the insulation 14" may
include a second plurality of channels 22. The second plurality of channels 22 ma3; be
surrounded on all sides by the insulation 14°. The channels 16’ and 22 are preferably used
in combination with each other. ,
: {0029]  The éhénhéle&'inﬁdiaﬁah protects both the conductor and the signal being ™~~~ "~ |
- iransmitted thereon. The composition of the insulation 14, 14’ is important because the

DK of the chosen insulation will affect the electrical prdperties of the overall wire 10. The
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[0028] The cross-section of another aspect of the
present invention is seen in FIG 3. The insul ¥tMsreh 2007
14" includes a plurality of channels 16' that differ

in shape fromthe channels 16 of the previous as}gﬁct.

- WO 4] |y, the channel s 16' have cur vEGT/WRA3O204 1

a flat top. Like the previous aspect, the channels
. 16’ .Circunferenti al di sposed about _the .
insulzf 1 1 JF prpEral s et e B e Vit plraffy of
channtig 16, IGSW%tedth EntbRethEleOr8, 18 of FRWatid) CHASRIL25RE AR
plurality of channels 22 The second plurality of

preferatly fasepdingbe eriipded palymerdied on al | sides by the
s nsul-ati o 16! ,
(0030, 70 5ot 88 e HAFpGARAR Bl i i Adfeable BfEEML AP

employédbin tied ivsidatios UK at4’ eoctpasofoe etasipleo b holybiefix omatihetrapolymer,

-t ' l, bei ifted th T
Some BTk RR: Rl HGtve e Hotudd R B eR Enp R oo waer
when DRCEHIGR 16 Bepladdd ifth alski9ics BOSBAMER SheRt oo B fwink kesBiah@Cdnd
the electrical properties of the overall wire 10. The

low smejce ganegation|sharegeristioysre rauirsl B 9By bpdssirtble xus/2028040

. . . 1 H | . [
okt e s T AR S LB
or cables ' Whiledoamasdqulayers maebosesad, agolikplydd; is fi8ferof because the

. lation. Channels 22 are.al so eferahly fornmed in
physigal el Skp R S o P RE 13038 sy Tt
[0031F on¥residition AflluddsyolyiidiSartl fREEried wher eipafich phadik# properties,

manuf acturing may be enployed in the insulation 14,
such a4 jensilesfrengtipar elengation, g seauiredorygiep spreriphelefitieal properties,

h b 1405 i |
L R e i
crush siteagth gbthe insslated chrdupton sehile als¢ prozidieraiicsiation thatianent

dfla resj stance an | ow snoke generation
.exnenkééﬁ:l}grrlgsgsg%lg?q Isns'fséggleb r"é!n{ﬂ@&{l?{"is’elaf udipe §aS" he desirable to

{00321 e A8 imjdrtany 234k SHeBiicaPiRalie of the salatiem 14,04 8B theQlmdTRRE
t he conduﬁ ors included in a twi sted pair

. f
featur of 16 nsplRlies 14, d4 v etPesBIGRE S, Wngnd 2 in Gisdbsulation penerally

have aRBLOHE whis th ﬁﬁ%ﬁ? fite %@ﬁéﬁ@lgﬁ%ﬁ thalt BSGa gébﬁ?&fdg&enhe?&

are superi-or and the require ow ng ageht ‘can
of the ghainndl.n BhechanificdO B [16° aud 22 aietsidrthatithayereateod porkeisn thee

B r Lor sical properties uch, as
nsnlafig o oL R0 BF s e i o SREb S SmenP ok
channedsI P 16°cnd 2 et préfeblypaeneltt keskis defmedbpsie condubisr 02,
attepyati are required. Furthernore, fluoropolyners

[0033} ¢ a&%tef%F?@ly used grhe ehoarely; Rowsver, matarialsather éhan air may be
_ ut‘._iﬁze&.ola&léﬁiﬁ[g/lc, oty gﬁseﬂnﬁ?b@ﬁsga bl Dashelr Eﬁl&g@fs'. %? élﬂﬂﬁelé S

_ extremel’y resiStant to invasion by c m nan
16, 161 andi 23 airardjstingtished 0 aBer ivmlatinptypesthit rasy dohtinciive rfoc al
exmp@%fangﬁeﬁgstﬁgh%n' R B Wi ’insnllldétiorf 'whic flmeas STl ACHH 2

- pockets within the insulation. The present invention also differs from other types of

insulation that are pinched against the conductor to form air pockets, like beads on a siring.
Whatever material is selected for inclusion in the channels, it is preferably selected to have
" a DK that differs from the DK of the éuiiddhding'ihéuia"ﬁdn; T T
- [0034]  Preferably, the legs.18, 18’ of the insulation 14, 14’ abut the outer peripheral
| :' surface 19 of the conductor 12 In this way, the outer péripheral surface 19 of the
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features of the insulation 14,14'. The channels 16

16' and 22 in the insulation generally have a 16March2007

structure where the length of the channel is |onger

than the width, depth or dianeter of the channel. The
WO 200403009 < 16, 16' and 22 are such that thBGT/ES2A%Y028040

pocket in the insul atl on that runs from one end of

nducto tQ er en conductor. The

conalgd$: 1 B Guface & e hugist 36 s s, 1, M egheneish dhe
signalbtivels eedrindeahdytirfabofR Wbhaictr 122 This iR thédkid fect’. By

preferably used in the channels; however, materials
placirigafie thegualecsiof theggndytor 1, theisignal caérpval supshe, masertab fhat
the T »
s DS, i 9GRS 30T QORI i,
occupy 98 Gheauitay memglp@ surfaat 1hefithcandaitor laus prefecably mmaniraécb

s R 5 SR L 8

and cmeqﬂemy mmlm’zhg twmlegs 08,68t uflhizedlis he Gishl266:514, 1M
of pi nched agai nst

Al q}?ﬁ B_&s gsu ation that are )
s0, fligshapg chpnnglg 1 ¥ e frlrchedite minitice thiclsersito 8 a
contad lafela RGth thé%ﬁ@éf&f 12808 & th@bask &e%ﬁ'%/r%s% @qh{ B{SJJEJ‘SC' usi o n

in the channels, 1t 1s pre erab 0 have
[0035bK tAgaodiample of Mmmzmgcm-mumhm&mﬂomnmnngg the

ool b0 Petoh 1301 s L SEbK s B ki ¥Bur e sl

The walls élmmaeouiﬁ) gite ¢Hamsrm¢m¢s@frapb2mdﬂ@h£ i %mosﬂ%ez%ﬂaﬁf
b erl surface 19 of the 6 16 l\/arch 2007
chann T 0Ty Se9tisralaseas v soncsallygeeiangolay chanmglsd6. one

Furthefr&@fé ﬂiE cﬁﬁ@ %ﬂ%f"kﬁjacm@@haiﬁé"cdo erhite P mintinte tléts#%'og the leg

, frequenm es, the signal travels at or near t
18 th%ﬁﬁbﬂfaéf@ qyterpmhe@hm@w df the hiletdard2cal | ed the “skin

he urf
10036 S5kl 1R aRE B s B, 15T B in- ot ioean i o
outer pénipheralsasface TWF de chnuctoRl2 b beahihimik redd&ﬁxg@lﬁfﬁﬁmibﬁﬁt
fhtﬂez Joi?é’ 18, q1 ' of the insul ation 14 occup
ot chap. rutyed- o0& prAmple ipstaadof ﬂ@saqchﬁw&k‘ckﬁaél@dﬂ@ﬁm@m s

m&smﬂi%abtoﬁréﬂaﬁﬁei@lﬁ%eusd“ s may be acconplished by
maxi m zi ng the cross-sectional area of the channels

[0037h 6, Preferably.dheiaremensepjedby thy legi 18, 1R zomibe biter geripheraifsutfags

o 190f ﬂmﬁ rfldﬁctor ﬁ’? %sﬁﬁlgn E%HE&%% ofl]t%c agarcﬁ,avﬁblgg%tgpté)&:@a?%sa

than aboun ﬁﬁ%zbemg lnﬁ)tda peferrd®, ndfdation GaMilasttha b@cﬁpﬁfaﬁdht B4%8 of the
onduct nd . to increase_the strengt

area of TRt S 9 Anesb DB Rl aleh At el e 47 may be
suitable! GSMisSRAL IHRARkL offie %g%@%ﬂ%%%&ﬂg&%@ &gﬁl’ Eénq;ga\r@lr ea

can, be séen in FIG curved
ﬂlrough@nm%maxmm4 Stated@ltemaﬁvelww ininimizingdheoarea dcougjed/ey the
legs, t§ Pﬂ t trapezoi dal shape. The al nost
rapezol da annel s 16" have | arger cross-sectional

[0038hr eaSgdoﬂ emgﬂmemérhasiﬂge&&@&gwo@gh slané1Rhdpe Ithrough the use

of an arch, An arch has an inherent strength that improves the crush resistance of the-

insulated conductor, as discussed in more detail below. Arch shaped channels may also
have economic benefits as well. For éx'a'méié, because the insulafion is sttofiger, less
insulation may be needed to achleve the desired crush resistance. The channels may have

other shapes that are desngned to increase the strength of the channels.

T




Furthernore, the curve walls of adjacent channels

cooperate to minimze the size of the leg 18 Ihbfarch2007

abuts the outer peripheral surface 19 of the conductor

12, ngo%] Furthernore, the area that the | egs 18, 18
WO 29¢0B]& i nsul ation 14 occupy on the out e‘r’mﬁ‘é‘gp(ﬁﬁéﬂ%‘?
surface 19 of the conductor 12 can be mnim zed by

100391, °C ¢ Qfbnh A2 Mol F PRAERR o o jiiaggh 14 6P 7"
mcludiriglairsiii thatiwtlation 147) Ethefnde, the Memdls 220¢an be hahralvathaay

fgﬂ 00%61,14 Pr ef abI the area occupi ed by the
ComPIP]é’tf?g phygical gite %rl pheral surface 19 of
[00401 he ‘Iﬁ@&ﬁb&%&ion&l%réa%f hﬁ%ﬁaﬂn@ﬁ "éh&ﬁ@b{% seleeféd 8 mbiigid @& al

area, wth Ie% t hat occupy less than about 50% bei ng
PhYSI%ﬂ@ngWé’f witpeNamelisitis prafesredithat any engshargt nos Savemcressout

scoiont EpElrcatifnal iR B0 S o RSb AR Tyl ™"

p ) ough areas as s
[0041kui Thivugh the nsetdf |thz: wigey10 witiechansdeddfisuldtien ait1d?, a delay skew

her al ace where the si
of s in AR €oepy bR e el of milM e Bl eveeripms.gyth
delay sKewiofil 2 nmefehed A, GelaPQ@WRif aslsrhMl 45 1d gisibletifdhaki n
effect is maxim zed. [0038] A good exanple of

PRTRM(RE ot JAYH g A1k pgRIRCIon Fiat gFe atvzsRleelpd tormipnipa dalst Sayh
(00421 hZAﬁ%ethe Rbwefd I 6Fthe ﬁ‘ﬁul@ﬁ(ﬁlhmhf@ i@Avhithée ﬁsmvhe?lt QL h

t | hproves the crush resistance o I nsul at ed
combmafmd sdtharcablagackiits Tyseadly, jacketed pienmtcables Ltse la diiwe resistadi

eve GRPPES s e ShEr AT mEN e WL BeA DA e B o

affects cﬁéﬁnpeumymtm@ﬁnaﬁ&yvms Reae ?&ék&t@d bl Ruer ik hrxpkasive ed
rush resistance.. The channe may have ot her shapes

The mﬁlﬂ%ﬁﬂﬂdﬂé"ﬂé@}t@ﬁé@% ihplps tonfsetthanegatiwrefiesss of the FRPVC

jacket CPARDAIG o ki@l iR BEBIn gt IR b uprion values

morchhemnnn;@kttﬁbcabloerall DK of the insulation 14' by

i nc | nsul at i.on YL rtherrmre
10043} 1 edged Bhs ) D i R RSaiin 0, 14 B RGeS M
speed ﬁhﬂ‘lS c@iuctof) whih] thYurff indrBRed'thé Sigdd) thr{n.%@ﬁlﬂ] S;éiiﬁl throughput

0ss-sectional area of the channels s

of at k‘@@ﬂé@ peter 160 mefesyohyistedpair is Rhtained, whils signglispsedeef ahionte
C [ t have
400 e ¥iRicle! b bndl ol hEack 1Bl 0 B FIRR RS O EE
minimized thprevent Gronsin dalBBanBIrhssidne&unneumhaimgon [ 0041] Through
theueofthe W|th nnel ed.i nsul at i 4,
100441, , P Rins st e e lampdl RS TR 15 gr%ﬂagwa@% s
_cross-secttngMeeh df thel chvinfleROthe ﬁ%ﬁal gpeemﬁ 4 twified @Eals@propomonal
appl i cations, with a skew of 1 preferred. A

to the %reﬁfSasyctmélwr%fof sh chpmipls apgthes ersily adipsiabls. e Tasricagther

conductor diameter, and the insulator thickness need not be changed. Rather, the cross-

sectional area of the channels can be adjusted fo obtain the desired signal speed in balance

with other physical and electrical properties of the twisted pair, This is patticularly useful

in a multi-pair cable. The delay skew of the cable may be thought of as the difference in
signal speed between the fastest twisted pair and thié slowest twisted pair. By increasing

| ‘the cross-sectional area of the channels in the insulation of the slowest twist pair, its signal




parameters, e.g. lay length and conductor size, are
al so selected to mninize delay skew. [0042] Al Giarch 2007
the | owered DK of the insulation 14, 14' is
woz%g[ vant ageous when used in conbination with a cabl e
G Typical |y, jacketed pl enum cabl eBCHER0B/250AG
r esi st ant PVC (FRPVC) for the outer jacket. FRPVC has

peiah S BB Lo AN ARG Mok s
mlst&:hiaire:l‘hbclbsermelnmthENpmaﬁerﬂmdelaW&zw nsul ation 14, 14
th,its | ow DK, hel sto of f set t e .ne eeffects

0043} * oS }llbefp@efl Sdnsplqtiop Ahpgne: g ﬂ}sagweee % agaiced
dissip2fidn faeod | TR Midkhatidn RaSAREQ AR RS EUERAL ggrt‘haY al dﬁ?{ﬁbed by
nmore |i ke an unjacketed cable. [0043] eed, the | ow

the insydatign oyprfarilepgth pﬁ@e kg and relaes tq ﬂ:e srgnal sm@@nd sicongths &
th ablifudh SR ncROBS Mol et FuRe (HEL i

meanathat mtal abibe mreftmvelﬂ.ﬁlﬁr e tafse of thé mrﬁltxadr OEHig alscShappens

o BB i g L 5 BB 00 e

fastesdhaérayA§ihemsfﬁuéd frdie thEicohdtcie ﬂu:fe@se@ R/ @8KipaBbh Slcfor iﬂ%re‘ﬂﬁ:ts a
transm ssion fromoccurrin 0044] Furt her nore, since

and theysigna}enend bemigs tormiavh I msm%dﬂ sendyetor withous peannelorke t o
differb®8 in 1 56 B Sp AN e g;gl%l ndifd, Wi td?eeadﬁﬂf%ﬂ %fkt?amfl@% e gnal

speed |natW|s palr I's also proportiona to the
msula@mé@ dissipationfattonefdbe nbulstion dn:dmumilysicanakek becanseas tHey
or, di ameter nd

* tower i 8% 8oy I Bpertiief B obnet e MR e oS R e cfihels

_ createts hemiauoxs #hers GRtsigaibdped it theQhardobB iChanmahay gﬁf_arelﬁﬁ ie.
fastervgg ted to obtain the desired signal speed i n bal ance

©5igRAl SpeRd B the restf dhedpaiation.c B eqywdpjeantme%at@# t he
conducith SRR IHifh thmf&: n? si g%/e Hi{(\?ﬁelré/ tilnli' ?1%& E‘ca% dlff%l‘ by

mul ti-pair cable. ew o
more than et 14%h. as t he dlfference in signal speed betvveen

h t th 11 d [ I.
o A R B e
the confarab Slsb dodshet ¢dﬁﬁi§61ﬁ'%é th 9‘31%21&[:@%&@:&& of itk SsulBRb" -
its Mar ch WD 2004/ 029993

condugser; I"(sbﬁ‘%g@ %E@Eﬁ‘ﬁ@sﬁ%m@@fﬁm of g dusullagadondngtor.nor e
Bccau§é e %Jct%ndﬁﬁﬁ‘ﬁb@% ﬁﬁ nfshﬁteﬁ' l:to??ﬁrﬁgct,t erb Eken é&ﬁfr\a‘tg for

tw sted pair. oser t e sna
- contargiaaiy todicemne {odgmﬁ]]: thashameisa Thakdnsequence athateheXX of the

msulsfEiedhod¥ly AP onBles ot e iR o Gesmibpivatiand

by thetdogtamimaptel of energy that is absorbed by the’
' he | h of th |
[00471 ﬁyatlon over the length of the wire and relates to

Rigetne taqrbe we&%ﬂfarsth@ eqnguior, the crushnstreaigthaif theringiated
condub@Fis bt doBREAASEE N, SirfGh: iRffiAth AN piitd £ e
decr ease |n etf ec

channels are not easily collapsed. Further, the insulation also prevents the shape of the

channels from being significantly distorted when torsional stress is applied to the insulated .
- conductor. Consequently, normal activities, i.e., manufacture, storage and installation, do
* adversely affect the physical properties, and be exfension, the ‘electrical propeities, of ™

- insulated conductor of the present invention,




means that a signal on the wire travels near the
surface of the conductor. This al so happens t ol®March2007
where the dissipation factor of the insul atlon |s the

t so the signal speed is fastest here.

woz%??/gpgsvﬁce from the conductor increases, tﬁ‘éT’H%%ﬁ’"ﬁ%{'f‘? on

factor increases and the signal speed begins to sl ow.

004 e M SRS b e PR e e PR S B o. g ¢

insulétion 1204 ﬂxamaﬁémle Iamlﬁlelpievbﬁmmh)eneﬂtmwb@t I8 chdnbiéls 16, 16’
2% shgpat ftg or of the insulation dramatically

and 243 g asplatign, 1o J4Eregiyce teanatgriglichos oo s ipiuring: e Bive 10.

The Muﬁt@lné@ﬂ’ﬂuﬁﬂ wlaRBaisdseN@k thteﬁlﬁﬁﬁ{lén T HhisS;s i s ﬁ@éﬂﬁﬁ&?&h&p

of channel s Creates a situation ere e Sl
compgiddeinemchanecletinswision apdthe baphof the Hlier gps 13|f1feé.eﬁlet¢ti i e.

ot} lere KA of BE Bl GAR 4 BE o O B S8 Bt or i o
predateranitted dmoinittof tiaming nfafaﬁalevﬁenenmpa’ed epeadhankkrl ensglaﬁon.
o ARG o Bt 6 bt g Vit 1o

deterinii® tRYKIRS of RS tedloB6Pdn rdikrfaPeRts19 of the conductor 12
al so_does not conprom se the physical characteristics

(004t 1 Fhe redustipminghe arsemtiofonaerial whedéhtic mnsnlatwn b d4'antaces
reduc%@fﬁe %e?ﬁ)ta 'of:@lt: chaeﬂsﬁlgionolfﬁl Jf" egE\Leg% a\%fﬁ%gegoﬁa%ogl&on {3y~

cause t e exterior surface’
prodwstsrigcansoit hassconmphmtively leksdnamldtion padepiples tuitiehythf With a

to b | od th h | Th
Cocroi g ST IS PR e SRR o and 1 e G BB o
amounBeRhe@\befierhB@ dhriip Ghukhif ard ﬂ?sxﬁ:ﬁﬁéﬁﬂ? B&krdaBe fl[Rﬁtﬁegl]ﬂééﬁﬁood

negatively affected by the Contaninants.
of pagsmg theperiieat ﬁmﬁfﬁmcgdqsewh esEhed¥atigual Foe PravemsiopAssdviation

O 03ty R 26 Bl RPN 8 e B o o et
of smoke gllrv]wt off el the:i‘ammféltame apreadnasy e tdyplshdd tﬂl@ﬁgdsubjefctn%gh

t her i.on r s the sha e
the wirkhd MSoropids o @Pﬁl'?gwg e@&rﬁk?fefg @33@1& teiperyaRe] bum

test. The SteRBElunftltReStedt Serddti 'tlﬁ%ah?fdr e Nstb e ad 262 standards.
conduct or. Conseq uentaﬁ normal activities, i.
Qi

- Inevepy fuperVise with ghagnelebingiiation vl theehianerls epotain mwelrmwe
at Ieaﬁfltﬁ Fsstsﬁl%ké’ﬁl?éﬂvﬁ@bmﬂ ruﬂgﬁirﬁlla]g& ins @4 nafLé]ge)% @auﬁl%?f of

ectric ertles nsu
ﬂametspmaqb wilbot leaslvlﬁf%t lbsmhan tRat bHuiVeltanticleDdsulat\dR)

| 004 [US2003/ 028040 [ 0048] Besi des the
[005(@ esi 4 Bﬁ’l? gFf“gT ﬁﬁé’“‘éﬂg dqvention is p véfgdP tibdnsglation e
14, 140nieRle Pfludr ymé?swh&é ﬂae@ns%ﬁum}ﬁ Tesh n G606! t?ln&tg;‘ékf' re

reventlon enefits as wel nne
whﬂezl@ ipsplaterbeanduntiorhps vdiamater af jess frad lab@ztOWéZ matﬁelso amvemm

DK offhe WRHRYS AGHMb1y 18ss i 2804t S.01 Unile the channels have a cross-sectional

are of at least 2.0 x 107 in%

[0051)  The preferred embodiment was subjected to a variety of tests. In a test of water
invasion, a length of channeled insulated coﬁductor was placed in water heated to 90°C and
‘held there for 30 days. Even under these adverse conditions, there was no evidence of
water invasion into the channels. In a torsional test, a 12 inch length of channeled

~ insulated conductor was twisted 180° about the axis of the conductor. The channels

o -10-




The anmpunt of insulation material used for the
insulation 14, 14' is significantly reduced cokfary 2007
t o non-channel ed i nsul ati on and the cost of the filler

is free. Stated alternately, nore length of the
wozq%%izﬁ?%ti on 14, 14' can be manufactured fFony53003/028040

predet erm ned anobunt of starting material when

. . ' - d
rotair R RRS i 40 BORGIE R sk QoA W il G R Bl
whenivp finsplatei wendsttyrs vebet evistediogdthe. &i zeudf stbigh reegthe DIO6F a

tength B b Elcsu 0 S8R 4 metiusd Pirend e ebige The
before ?diﬂfasmfﬂ]ialifﬁdlﬂdt@&gn@fctdrh&jdd Hers%Q]e d.O’ng' ati OB 14,

' ves of f fewer deconposition by- products because
[005%} t h‘%ﬁ%@ﬁﬁiﬁwa%w(%twma%gﬁdmf@ snglesiolorat maicatl popltini t
coloréBiRgtbrial mAltHB d%iraﬁ@.CFmglcé,léesg?ﬂe?)?golmteﬁ?-ﬁla Hgl a‘l%?rd]%{ he

. . snoke giveén off and the rate ane sprea
includedrin e inshlatiemt Thyenloredistipe grimiarily sexvenasragvismkindikdtor so that

[elat decr.eased.and._ t he |ikel i hood f,. passing
cheriﬁ ﬁ%ﬂiﬁ&eérdfc %&eulﬁ %érsf aybed a?ngf'f}é]‘ 2]3@3&@3’ ’ﬁ%‘ﬂs'ﬂ@m?ﬂ@t ¥onal
unifoifi with Bnlgvierdolop Rarfing beiwetn Qfipes( AWHEAh s RAd2obbe @B asand

i,ncreased. A conparison of the

- 262, .is .significant]l .

Prefer&%u strige g%eﬁﬁﬂtémﬁff Figihe chatnelhe rate of flame

[00533 Pr EBGmARY oPRnRGERPRbIe ShHEHic %ﬂﬁu&%ﬁ@ g&l'dﬂ&ors taﬂaf
wre to be compared to a Underwiters Laboratory (UL)

severalcomgtpgtonsttwisted togethen clhelsonductore k2 mayieen@leef oeppef unnel

: basj s_f.or the NFPA 255 and 262
st bobiitota Bl S Bibee dSond Rl i Bn b Mt onig e S
optimelreudwtdr antenik e addigor; tha RofduBtoe Biay 8k Blaskior plébdd fitRE.QEsCE
thatfist I faStb 10% | ess smoke then wire w th un-channel ed
HaRPG fabls piod se, the rate of flame spread wil|

0054 | f : s
Sy P andioR 72 Ml ont B RO PRERSE 7 s

outer pariphesgl supf; asopen i FIGA. rle tHi® pasticeriasyeod af thednventidn, the

: - I Wh he i | ati [
chamn{1gd oSRAGPIR S HRHRBALY IRLBPLZE & i . pfinetea
conducion8( cTherindieidu imdb]awe terductbrs e DetiWRitd 3byetber ©.fdea i N.

so,.the overall DK of the wire is preferably |ess

.. Al so, .
twistel g3 TYi516d PAiISoim i T8y bevisterbingaies i aguld-pait cable.

Any pRIrAlSBmBE G tARRY paifitRayte uilizddiR g atde. 0 X 10-5 in2.
P 0051] The prefgrredyg;r?bodiznent \a/\&/é% subjected to a

[0055£ ar i1bp gner mase ehannaly 7sgenersily o pacallelrto theierpitindingl aais of

. . ¥ | at ed,..conduct or s placed i
the wid BT AR B IR e s B8 e SRl B e
on thewntte perfphenbsuafsecTout tpaotdictd? 73, a dehey of riigs §20nd whaler e

O&"é‘t ter invasion into the channels. In a torsional
aec ot{\l%éﬂcfﬁd‘}cf‘%h | ength of channel ed insul ated

[0056F ONMGESNin PRS. 7. Wb ShRe1d 88, ' WG
' conduct prlfl The  chan nef S - 1[@?&%72}\52%01%@5%'8%%
channeled insulation 78, although this is not necessarily the case. The legs 86 of the

channeled insulation 78 preferably contact the channeled conductor 72 at the ridges 82.
This alignment effectively combines the channels 88 of the insulation 78 with the channels
~ 74 of the conductor; créatinig 4 significantly larger channiel, ‘The larger chanfiel ‘may result
in a synergistic effect that enﬁances the wire beyond the.enhancements provided by either .

channeled insulation or channeled conductor individually.
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WO 2004/ 029993 PCT/ US2003/ 028040 retai ned nore than

95% of their untwi sted cross-sectional area. SilfMagch2007
results were found when two insul ated conductors were
wi sted together. In a crush strength test, the DK of

t
WO 2Pt h of channel ed insul ated conduct BYT/E2L03/028040
nmeasured before and after crushing. The before and

fter DK Qf, the insulated conductor varied by |ess the
10057, > cipasled copiotar Dol sEmifICAR ASpAnAgEs SHST SAPQtly CoRSRIOBY
First, theSintate @rca OF & cOidubRt RlihcMdaseBw ittt increfstl LQhS SvepBI @firhétbr

may be desirable. For instance, a stripe of colored

of therggdieton| Ingaggsed surfaon eteq ikdarppitant breasn ofithaskip ffecthwhere the
. [ [ . r
signal3ival Hor b dWFoul bR clof o3 Y Bn S riBuckint W3 tndr Bt
surfade cdiesa tof thie edndudtppitieadigng] is ible ta bl avel moreraedacwhik|the sze of
h uEiformWit onl he cql or varyi ng between.st |a%%fsq )
© coRfuGH AEAAIRSHG SHREe & OFRPRTH &0 3 fROqHt, coudnctes, mog signjal can fiake

on thesdhthrRReddeRGicipt Sthitll eRdrtifel 4 thahfedCoANRR) Bas o8 2@pacity
Ex | es of sone acceptabl e conductors 12 include

- 1o ﬁa@m?ﬁr@taébﬁmmoaﬂswaﬁ@mrs S¢cong thewsa af et o athar v DEgmaterial
in ﬂleg:?zgﬁtsl@ Bf the E&%&Bﬂ@%&ﬁé ei]f?ctigggligcﬁ él{[%gﬁe RGRB R meled

um num copper-c stee copper.” It has
condubmesn Asalincdsstdatiove with éie channeled insolationyttie lewerdwedal) DK of the

w50y 4 S 0 AL B Ry 308

attenupfiGicin@elay FRODL Hurthérthowd, tHe usBYf 4 16% DI MaRriSIR Y &G thé2

_ that has one or nore channels 74 in its _outer

channglg pf ths epngucteyplsoenpanees the s elfert pfsignairavel. This mpgng that
: ' t SN [

e T 8 B e i o Ol o i APRRGEES

channglad consltiedrs ogdramoethednductoniretos wBe thafllms monelcapacltysdnd a

fasteri%ﬁﬁil ag gd conductors may be tw sted together to forma
o SR pair. Twisted pairs, in turn, may be tw sted

[00581 0g @hamieldd@ohducBrsnlstiabé othé ihcifedld] BdvaniAfes avbikn@loth
nunber of twi sted pairs nmay be utilized in a cable

conducigrseh aptfeduselmaerishops besauthTeet longthps thechpnmpled ganductor
can bé%ﬁﬁxﬁtlfécﬂﬁec% 1??1% Q?zéd&@ﬂﬁjﬁé@dlﬂ}ﬁht &f"sta?ﬁ:%fmatéﬁ%f W‘% ?ﬁnpgred to

al t houg S not necessarily the case
non-cgnneled otsmooth cohdustos] Therunmsher andomlossaertivha aoaatof the channels

BT ipheral .suyrface .76 of t.he. conductor 72, a series of
witlufiH R Bl thd B e ol iSRRG b, 1 o
[0059F ondte bater ja¢lRO2Bhay'6e faRd! dver b Gristéd wirb Paicd vadAe badh foil

...conductor 72 may be _conbined with channel ed
shield;hyapy senventiondl pregessn Sugmplenpisoms of the meseeoimen prpogss that
o 53801 b SBnelpSig nShpigha sl abi el
Preferablygbsiagi@t is chmpesediof g plastivt masérfiad chch/es! finompolyimess polpenyl

.ch | f the jnsulatjion.78 with th ls 74
cntorif @CE, & afhcraptvatent Bt ftBl shontniemin Rl gy
[0060F hanneloted Bbével iRy @ié olth@pragint fBdNtioR fltlebigned to have a

minimized DK. In addition to the use of channeled insulation and conductor, a wire with a

minimized DK can be achieved through the utilization of an improved isolated core. Like
“the insulation and conductor, the wire may include an outer jacket 50 that includes
channels 52, as seen in FIG. 6. In this particular aspect of the invention, the channeled

~ jacket 50 surrounds a core element 54 to form an isolated core 56. The core element is at
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in a synergistic effect that enhances the wire beyond
t he enhancenments provided by either channel ed 16 March2007
i nsul ati on or channel ed conductor individually. -11 16
March 2007 WD 2004/ 029993 PCT/ US2003/ 028040%{]0057]‘

WO 20HURME ed conductor has two si gni fi cant 0
over snooth conductors. First, the surface area of

s R s S M OSSR e

pairs. aAé@ﬁer@IIy,rmmarademm oay Sehdf ahheonstination bf cemﬁucterher e

tra |s at or r th ut er per r al
insuldi . sl B ng el Sfors s e fbus flantall. BhticSm IS P8 6 g an
isolated cate 84 with foue ﬁﬂﬁé@fnﬁfs 58140263 @A twistedaRdu@d bRhloHRY 8dd
nore are e the size of the conductor

Smo‘%“é{ﬁ‘iﬁ%%d?aﬁ%e et fhnpared to a snooth conductor, nore
[0061}' ONGenefafl}), tﬁé el dlsc%hl&nl'h%o%ﬂﬁ : gﬂﬁ%ﬂ%ﬁh%d stﬁfcﬁfrﬁd

alternatively, a channel ed con has nore capacity
advanfages joz ehasneledimsuation also gertainsao hhannddbjacMS, thskis cjecket \hﬂh

alow $5€4s Aesible O MR s REwAFY b2~ P B PSP RE e
low DIQmﬂ thﬂjjacig:t ﬂii[aartl e:l tﬁeiwn'e sindlacddetifiagedts shysical sdtticabmae
i ul ation, the |ower overall DK of

the channeled in
transTERion P peates B Hin s RS B0 ogiayor SR ale it fomnnels h the
jacketl16Wer4Ek G\@rdlITSK SRHE fhcRd: IAEh ﬁ&@%@ﬁé Eﬁja %\Q@ Erhd decreases

attenuation and delay skew. Furt e use of
attenupléng fprthadacketpdiwire & gvhola; ikewise, thealissipatiomfattor (nffthet jaeket

t he.skin.effect .of
is sigfRHE Rilhcc i Bu iR R BP il S i @t o B e
core eleirieht. I'E!E?»l@hltsgéedaww from Tikepe d10861 Aot idchRsdiwe much thus
channel ed conductors over snooth

d
@V‘“&%&?%&@CQM% t‘&o diiterent; sienal spaedsidy ianes sigadlispsedandiam
outer §1g&§1‘l Secd | TRALTSPRR 5%]%(% a ﬂ@ﬁ%xgﬁcagl%%’ Elte%n%r ahme

have "ot her i nci dent a?l ad es O
speed g de enay be monthamahoricfb Gstdr than theioater sigl spved.aPrsferabiy, e

the ifférB%% T bl W N s SRR SR 10 R o T wher
altemnnrﬁigauhe mftémeledlpdcec hlaitjlﬁzﬁﬂe&id)r@ﬂlaﬁ eﬁ?b?ﬁﬁanﬁmﬁqlaekeﬂ h eI |
er n I 0SS-SecCt| area o e Channel s W
includ QoA Praens Bhek v TR AL PR 26 thip gt EEbsperds. In
additi ¢t &id pbedBffbdncel &Q@x%d g QM &ﬂf&&lﬁ%‘ in %&nﬁ%ﬁ‘eeﬁ?rgxlyl

formed over the twisted wre pairs and as can a
also baphservad bgiwaen ineas ﬂ%ﬂttftr@nﬁionmfaﬂlmled Ensalaibes of sone

[0062ff ‘[‘H@ {iﬂ%}fu}%ag%é@ e El%: S?%g& %ﬁsﬁé@%}} %ﬁ%&%%teg ﬁ}g setlé)ctl%g zri m

_ compcelte densltymf thoedierigls for Bredif péﬂhun addBe gﬂ@ﬂﬁ;ﬁ‘)}udns As the name
such as

e SR O
given @8lidnY of AReridIN Al mbtSriad Wich @ %ﬁer%@:ﬁp&sﬂ%itﬁ il RdYe G2RYE

use.
dissipation factor as compared with a higher composite density. For example, a channeled

jacket where the channels contain air will have a much lower composite density than an
un-channeled jacket. In the channeled jacket, significant portions of the jacket material is
- replaced by much i’i'ghter. air, thus reducing the coftiposife densify of the jacket, which in
turn reduces the dissipation factor of the jacket. Differences in composite density may be

accomplished with means other than channels in the jaeket or insulation.
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[ 0060] As noted above the who of the present invention
is designed to have a nininized DK I n additionl® Marghe2007

use of channel ed i nsul ati on and conductor, a wire with

' ini mzed DK can be achieved through the
WOZ@f'ﬁ"{gPJz]’ati on of an inproved isol ated cor ePCTPRA03/23)40

i nsul ation and conductor, the wire may i nclude an

[0063]Ut €As vk MRichRRelbd Rlulhd H%&airﬂ@t%?x%céxﬁé@cro&%caﬁ%ﬁl in
FIG 6 I the

In this particular aspect o I nvention,

arez qfi{e GrRiieian éhe jagketcrinimizs thoureadbnldss of tipjackedoenmynin the

r I - . e ..akhe core.elenmept is, at
core gt B B g P B o Brombiseen
and efeagtic giventages atealse deenavithubibmicledauhits ad doynpatci @nehiicled
'acke%l enment includes a plurality of tw sted- pairs.

] dditionally, the core elenent may include any

[00643 onbindiHiedRitOf pERABVSARICE of propkHiisdink BibmnSH afa!:l?:k fg gand
separators_as previously discussed. For exanple, FIG

pluraliy of ghaanels, buj npging pfihe elineels Basg aressfsentiondl wf gieater thar atwut

. B2 i st ed h ot
30% Sl S A A ) LB B G s
cross-Geationa latep of attléset 2k i162indli Gnevsiub wire hayve isnaedeon digmbie

- m,ca d structural vant ages for channel ed

of lesF AT MER 0281, BhicS5h Pfted Einmanas fokes Bkais gt gse tggbout

0.030is, a jacket with a low DK is desirable for the sane
ons an insulation with a |ow DK is desirable. The

ﬁea% ! . LS.
[0065§ IR Pesierrod @sgesict dhe nroppatinvention, thecwvivd indudss oh¢ ormore

compGiiA %iﬁ&ﬁ%ﬂﬁlﬁp{ﬁﬁ%{h&ﬁg{% ‘P{gle g{éhfdké: Q{:ha??eg%d & é@ugforpfgngﬁn%?ed

. propertles as I NSUl a
- insulaipmana channeird jadketn fed mostprefewed jspark ahe Wioswacluddka over al |

. of Lacket . - which.ir L.gnal d
com 5otk B8 S o % SR P o B

conduaton|issulakiok e jacket dréhaflhdisd. PWhéiOfe ERGAASd DinpbRiitd ACKLH
[ nificantly reduced through the use ofp channel s,

. S Sl J AR

in °°“E'ﬂ’&§1°grﬂ:‘f”é%1§ iapticved thabiras 4 78k thahis significentlydess é1aslaenent .

comp&ﬁﬁyﬁ%%e@ﬁﬁﬁgﬁlﬁﬁﬁeﬁs.f romthe core el ement is not
.increased as nuch, thus giving a wire that

[0066Lf f diie ipreatny intvertion wiso itichudes meathodsi apd appaganeedifor manufididig

- Lanal ed ,and . outer sigpal speed., The
wires il PBing T syttion, The ingblation if aipfrEanly Gibmsctonh the gongiucio e
using canvestiohlgREhsiorSReRshe RIhAURh FR¥%r Bﬁnd?&&tﬁin?g?&e@p@é& 2%

\ %aﬁer than the outer signal speed. Preferably, the
suitablg; fy & pypprakingulation gEfaision gapaatys; therinsulaion matsrials incplentic
tate, Stat . i yel he
sate, TR ol A TR Ly b ok it Rl RSt gr Bttt
The crossheqdantledes aitip that ddmesthe terior dizngpee bddphysitd datiesef the

e T RO AT T
the exiradedeétisniatiol. f Pogemeahe ipafd cﬂé‘ﬁél%: pR&SHe IR atid B feRf arou?d d
e e

o(ﬂéerved bet ween inner and outer portions of channe
the condyetor.oKpeyn tip and die combinations have only provided an insulation material

with a relatively uniform thickness at a cross-section with a tip that is an unadulterated
cylinder. The goal of known tip and die combinations is to provide insulation with a
~ uniform and consisteiit thickness. ¥n the preseitinivention, the tip provides insulation with~ -~

inter_ior physical features; for éxample, channels. The die, on the other hand, will provide
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[ 00621 The dissipation factor of the jacket or

i nsul ation may be adjusted by selecting a conpbsMagch 2007
density of the materials for the inner portion and the
outer portion. As the name suggests, the conposite

WO 2Py i s the weight of material, ei t hePCT/HRM34R5%h

or jacket, for a given volume of material. A material

t |
N LR
of mmmnmmenﬁmrpmﬁdemmsuhucﬂn&ﬁﬂﬁb edheral mﬁﬂc&ésséw ere the

ant ha e a much | ower conposite
m"“"gens SF%HPP g%gmﬂﬁ l%i% ME ﬁvg%q!aaughﬂlﬁ%%f AR AR d
tip 30 a@@k@&ted ﬁl'fgﬁl A pindp ORIERRS belk 32 fﬂr%ohg?ﬁhﬁ&h mét:&{duahr I's

ac much lighter air, thus reducing t
may ‘?96 ﬂséhecf‘éﬁ@ff'wrypr@ww hé Ignd 3 en theviipi 30tinglades a nwnbcr of

groov(e@ﬁ}éJ G the chﬁugbn?‘@b%% g%trhé) BS)EHHO?:%Lmﬁ&e\gfﬂ%Ié Gle: fas]frlf)%sh he,

ferences iIn acco
msulamon it thetthen may e agphahtocﬂlmeamndﬂmrlm Sjmexf;camk ¢ thtsr

el A L WP a1 o

the Iegmmdoﬁﬁabtahb contludtér 1@6{511 4 1afdr of APy @rahiBledSnsulation). The
cross-sectional area of the channels in the jacket,

Promifenees, 38 ke tesa the grpoveR 36 P lagdl 3¢ nﬁeqna@lu élocb dedpylagant he
materfa® rtlﬁls%f t%ﬁ clithheld ﬂ?m\’ﬁ@ ih§udh a@ ysi cal

i ntegri e wre. Fire protecti on an economi ¢
[0068% dv dine ngulstion B4 akoven ind¥@. 3k athiokd timelghdhd e IsﬂirSemssmn

tip o SRRy R ARG P ofRchi oo hich R eondigotmay

be fed dugikigthe reaasusam pi’bdé&sam&cyth@ﬁp eEaNE | the 1aRdiY4 HanORS3@f the
han neI S a cross-sectional of greater than about

includsp)smuRber FbeTBPYSS 36 s?@E%r#téqhby pramiseness 38% dn it aabodiment, the
r
ooV B cOtates APE R FOAnbs L3RR g, Tromather e epggyes
- 36° andgugmainenspy 38’ héﬁneéamduséddnax @dvexdegs 181 amiﬂaﬁ{opped cHaesds 16’
ile.t pr e d nnel

ofthe AP M ghice? verlp 05 e ki aBer  Tedicicet omupe

land 3un Thc mﬂeiﬁ(}saidt sichilaBRaEd profireh@s B 'GR8 Bifedtiny lﬁtdcla fhe the
des one_or nore conponents w th channels,

insulafp HatpH ttﬁk‘%‘éﬁwg long ghangels 32 sureoBdaddly desulation It drseen in

" mIG.x£hannel ed insulation or a channeled jacket. In a nost

ﬁreferred aspect, the wire includes a conbination of
[0069L h aﬂith@ddémnd@p!pmdmgtau@ducntmsd weight mxdssmefmﬂmlmh peefotrsance
t he nddHctor i nsu n and

enhan&i,?l? f d?scll.}sge ﬂ)gx?lgtre&are %“t%ﬂ‘?ﬁF?n‘ﬁlFee wie pk S

TACR

preselﬁ irﬁ’etttﬁﬁ(ﬁas ald weenrjundtd RBvidehiphdr %Iﬁp%raﬁﬁg ke“s‘iéﬁﬁcé\bﬁén has
that is significantly |less than a conparably

compagq: ta dhe Wireknpwinis the arth Zhewire provides enhanced performance when -
used either in 2 high temperatire environment or when the conductor itself generates

~ significant heat during operatibn. While these events are atypical with most
communication wire, it is a significant issue for other types of wires such as those used in -
the environment of an internal combustion engine or under high amperage conditions:
where insulation is nevertheless réquited. The iise 6f channels including 4 g4s sirchas air -
enhances heat dissipation of the conductor while also provxdmg improved thermal

resistance to the overall wire.
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[0066] The present invention also includes nethods and

appar at uses for nmanufacturing wires with channki¥grch 2007

insulation. The insulation is preferably extruded onto
t he conductor wusing conventional extrusion ocesses,
WOZ":QI”H’T%"Sgh ot her manufacturing processes afeV gzﬂ?:‘f"é%l“’e
In a typical insulation extrusion apparatus, the
insulation material is in a plastic state, not fully
solid and not fully liquid, when it reaches the

{oo'mq I oS¥breavt: ldditiogal @a¥abtagalof thEpecst @BRReRint1n8d dfiffedwire
tip that defines the interior dianeter and physica

ﬂexlbflg&tl’&’f”&tm@ft & Yii&e todedncppsingly flexadayhilsravoitp lsmlsms s prigntal
d

e

msulaien pndthe eendattor dvas ptodideimpmyee smg&bxhyo Uhuk, thehmulatmn may

v RIS B RN B S PR BB B B

whenlltm vhiees s tdTbeCaeracifed 1k matingy DEPoseRE fchAs Wik nat. t1 p t hat

nadul terated cylinder. The goal of known ti
0071 Sl B Hren et pepiclisiepatber HotmBCHgR Wi £Fto

_ _specxﬁﬂ"ﬁxﬁﬁbﬁﬁ%e%%&@df%‘t RSB urddeisiosd ﬁﬁﬁt}us il bﬁuﬁ 5‘{11%&1%&011 and
“ Invention, the-tip provides Insulatl ol Interior
not ofimitaHiom |and thatsgm@f the eppeastaimbiing shohkirealonstruéh es brbadly on
nd, will provide -14 16 March 2007 WD
the P@Sg‘l%gg‘gﬂ‘gapm US2003/ 028040 an insul ation rel atively
constant exterior dianmeter. Together, the tip and die
conbi nation of the present invention provides an
i nsul ation that has several thicknesses. [0067] The
insulation 14 shown in FIG 2 is achieved through the
'use of an extrusion tip 30 as depicted in FIG 4. The
tip 30 includes a bore 32 through which the conduct or
may be fed during the extrusion process. A land 34 on
the tip 30 includes a nunber of grooves 36. In the
extrusion process, the tip 30, in conbination with the
die, fashions the insulation 14 that then nay be
.applied to the conductor 12. Specifically, in this
enbodi nent, the grooves 36 of the |and 34 create the
| egs 18 of the insulation 14 such that the |egs 18
contact the conductor 12 (or a | ayer of an
un-channel ed i nsul ation). The .proninences 38 between
the grooves 36 on the |and 34 effectlvely bl ock the
insulation material, thus creating the channels 16 in
the insulation haterial as it is extruded. [0068] The
insulation 14" shown in FIG 3 is achieved through the
use of an extrusion tip as depicted in FIG 5. The
tip 30" includes a bore 32 through which the conductor
may be fed during the extrusion process. Like the tip
of FIG 4, the land 34 of the tip 30" includes a
nunber of grooves 36' separated by prom nences 38 . In
this enbodi ment, the :
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grooves 36' are concave, while the prom nences 38" ar
flat topped. Together, the grooves 36' and 16}Am3h2007
prom nences 38' of the land 34 form convex |egs 18’
and fl at-topped channels 16" of the insulation. In
addition, the tip 30" al s&hiéfudes a nunber of rods
40 spaced fromthe land 34. The rods 40 act simlar

1. toAtﬂabc@nmmhweMSzaBls cospdismef ecti vel y bl ock the

i nsyl ati.on teri s.crea han

suf DA B R i b 5 S Gl i SR B 3Bout one
anoth&®0&R] In addition to providing a reduced cost, weight

and size, and the performance enhancenents di scussed

abthedirstiand second eviragreafeinclidingat ages to wire 10. The

wire of n ound to

provi de®Ri (ﬁ)éﬁ)?teréfeﬂ&ﬁg% 0%5 aqglzglgltd§ Al Qfgh%élﬁ conpar ed

to the mlmeﬁﬁﬁmlahﬁn biteowmding thé eontiuc@r Fth@pcbl@ﬂﬁnc insulation

enhanced. perfornﬁnce when  used either_ in a hjg

defirgpg BEAlGY of ehannsls Hirb srtepd alﬁﬂ%ﬁ‘etlﬂ’ég%’éﬁ'@hé’ﬂérth? %%aérlﬁls being
01rcu ﬁﬁél\r}ﬁsr?aéécﬂ%lafnkfe ?d“énefb[%%{heﬂ Eﬁdd? hOREEAUDO The Mhids
ts are atypica

ese e conmuni cat I on
contammg gad, tand ﬁnea;osdgmlfincladnr@aﬂsammrrbnsurfach éat bwmh imfer sides of
C those used in the envi nt o
the R SR Bafib by BARETES rkitars b ehid SIS ettrsditce of te
qmd@gapltlons where insulation is neverthel ess required ‘
- The use of channels including 21-gas sacli as air
enhances heat dissipation of the conductor whil e al so

P b TR B PR ISP SES bRt iR
1ndu&&ﬂyﬂﬁﬁ&&ﬁ@ﬁ&&g&@ngpo70] Nbreover addltlona

advant ages of the present i nvention incl ude enhanced
wre flexibility, permtting the MAre to be

-3, Lg&n%eg%%;%ﬂl?&er}{c fglljr(r)ﬁé gﬁ;lﬁ-\{ﬁéclgledl aV% Ciq%l br lél'xsegnggl'lel g&l%t%&' al

condgcr-Has bldesh@Besmeds shah Hpos.ed2 h@hw@en the insulation
and the conductor even provides inproved stripability.

Thus, the insulation may be nore readily separated
fro i . e rlyi .
4 e R ing bl SRR WO Aol
insulatiah iingscihap abantolsivckesalica Wi re nut. [0071] Wiile the
~invention has been specifically described in
connection with certain specific enbodinents thereof,
Ity 4 . 0 [
- 1) e BpREiHAGES akBochiafle b anl £ e Yobmeno
insulatibe ofifiedirsiodire ingludss Slﬁeaslt sixhf tieosiphnele dncaﬁlelpblmﬂérw as
the prior art wi|l perm

‘ -16
1nsu1at10n of the second wire 1ncludes at least six of the channels.

6. A telecofnmunications cable according to claim 1, wherein a shape of at least one

of the channels is selected from the group consisﬁng of rectangular, trapezoidal and

“arched.
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16 March 2007 CLAIMS 1. A tel econmunications cable
conprising: a first wire and a second wre, thel$Masgh2007

and second wires being tw sted about one another; and
the first and second w res each including: a conductor
7. exfdplgrergmunigniipng chblegictardingdé clai $, wisareingibé yabbe includes an
] Lon .suryoundi ng the,conductor,. the pol ri.c
oute} A3 Sk ARaFY b R P Lgetfi SRS 54 bt ReP engif S outer
jackevifichidingtlongelt.he | ongi tudi nal axis, the channel s being
circunferentially spaced rel ative to one anot her about
the conductor, the channels containing gas, and the
g CoO ' ' erior surface that bhounds
e e A R T S
insulttien GRratmdedshiosgle #pase df ho ctthgictpahitdhcladsd fsse ahd 4 he

conductor. 2. The tel ecormuni cations cable of claim1l,
numRgro &@F?@WEHB%?%@PY%S thatsetead ielone ailengitydmal axis of the extrusion

‘tip, vHeHGh, QRBhY Wex%&i%hifa?é ess the/toh c‘?&r%"f@d"tg{bggh %bogggxltlcgtrhe

according'to clairm érein the insul con
grooyessreataliegndafimed bétviees shd dhannabofthe plgRetio tinedatiod. A
t el econmruni cati ons cabl e according to cl'laim1, wherein
the polyneric insulation is |ess than about. Ol inches
9. thAedecommihidaBibRE ORI BATALIISRDI, S 1RFEP Y AB1elificludes first
claim1, wherein the polynmeric insulation of the
and seqong twigfadepajrs eaalichomnpatsingethe firs end ssbonchwireh anmedsssectivial

' I ' [ | at.i f i r.e, i.ncl
orea 41, BANOE i pOBRLE R e o 2% RSTERLe e B R

than £ abbeseaiant gienof the chhididl ih thai&yREfc AsHRARE oPfhedbeond
| east one of the channels is selected fromthe group

twisted Rt st i ng of rectangul ar, trapezoidal and arched. 17
16 March 2007 7. A tel ecommuni cations cabl e according

" to claiml1, wherein the cable includes an outer
10. j dctebdcosuuninationn@bldwchidigd toatiim e GhBRiNhe D] iéri! ed

i about .one anot her, the outer |acket including
insulafiog dEERG hechanntls Pupaiishitnihe SoRbiter sabreo debrmdiongd clamncls
that afd @t Bgoscdd8hE bbhdulfor POl yneri ¢

11. A telecommunications cable according to claim 1, wherein the polymeric

‘insulation includes a polyolefin material.

12. | A telecommunications cable according to claim 1, wherein the first and second

: _wires twisted about one another pass National Fire Prevention Association test 255,

13, A telecommunications cable according to claim 1, wherein the first and second

wires twisted about one another pass National Fire Prevention Association test 259.

14, A telecommunications cable according to claim 1, wherein the first and second

wires twisted about one another pass National Fire Prevention Association test 262.
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insulation is extruded through the use of an ex1 qn
tip that includes a bore and a nunber of radial pﬁarc 2007

arranged grooves that extend along a |ongitudinal axis
of the extrusion tip, wherein, during the extrusion
15. pr 8delesommpnicaiponsweble rac¢csd1fngdo thinu gtvherhm dpaveratintieledige

ate | egs def,i ned. e channel s of
cons?dﬁ?gy h0¥ﬁ1 cfeftrf‘él &G Irey i SV@I&% ni cations
cable accordlng to claim1, wherein the cable includes
first 'l and second twi sted pairs each conprising the
16. 1 Adeleggramypicalinns ipble sccoading @sglag@éwamm the polpaient
1nsu1tcl{‘@n H\g@ @i‘f’ét Svi erhnttlltﬁe d]?(ﬁ%r e n%u]ta | %Qco%fi v& %talr% ﬁ%sftgured

pair an a ¢rosdts
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sted pair, .10, A teleconmuni cations

first %%@fﬂeeo %?«Sdtv ¢ the pelymesic insulgtion il the st #9191 spead; wires are

subrﬂefkce'dllﬁ‘tn}a%?hg&f:& ﬂ:?@() &égeéélaﬁfb?gb%a posed to the
conduct or and al so defi nes cl ose channels that are
not exposed to the conductor 11. A tel ecommuni cations

capl,e, accordin im.1l, wherein the polyneric
17 ”gﬁlatgft{agﬂn}salgﬂ&a@g 03m66f19%| efin mterial. 12. A
o &l SIGRIRHE (GadtbORArsCARLR tAREAIENSohctdrdi AbH of B RAG! N
the first and second wres tw sted about one anot her
transgyissionqandusihers being @owed/bm smrafss gsulation tayet, dstplasbty of
R LR g B N s
core; andt her pass National Fire Prevention Associati on t est

259. 14 A tel econmuni cati ons cabl e accordin
clagpgke d ef@m& an mterias afripessage Ht g@ewlona Fles \Mfﬁteeldcket
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1nclud13g.exr,(ﬂ’[ﬁumed&ingdlsat@:ﬁbitﬁmahsOe’rtﬂﬂahﬂ:gi(ﬁl ¢flthe fitekior Whgaeiafe
; n overall dielectric constant of each of the first
with (5 gotsdefigcexipeddo the gibeche Reiwakrsgian. the pegphogal region of the
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relatiyeotoyome anathemebotthie @mepﬁetch@r&@ﬂdddmgra& theairdanlid glaneels .
h. t hat substant.i.a no wat er |nvades EE‘ channel s
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second wires aré sub In water heate
outer estior gt Sutamds thedans. pott‘t’on packaifah¢ clansels hsvmgl twa bpmosing

. sides tarsgaeslﬂfégcgggﬁ&%ﬁ%@ }é)o(s)lfgg_%iﬁe v%iteﬁ%gl s mterconnectmg the

two opposing sides forms discretely identifiable corners with the opposing sides, and an
open side that faces inwardly toward the central region, the channels having lengths that
run along a length of the jacket, and the number of channels being greater than the

number of twisted pairs of insulated data transmission conductors.

18. The cable of claim 17, wherein each of the channels has a cross-sectional area less

than about 30 percent of a total cross-sectional area of the jacket.
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r transm ssion conductors being covered by a se t
insulation layer, the plurality of -d tw sted pa?$§5%§%2007
data transm ssion conductors being tw sted around each
other to define a core; and a jacket defining.an
interior air passage that extends along a Iength of

t hey | terior. air e. haV|n I
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_greater maﬂﬁfs%nampeadl hmhe@aenqst)nlblel ative to one anot her
about the core, the channels including air, the air in
the channels being in fluid communication with the
ai t A 0

2 AL 17 Sl £kl SDEULM dheNinRoftid g east 10%
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that surrounds the inner portion, each of the channels
having two opposing sides, a side interconnecting t he
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than the nunber of twi sted pairs of insulated data
lnceﬁransmssmn conductors. 18. The cable of claim17,
wherei n each of the channels has a cross-sectiona
~ area less than about 30 percent of a total
24. cridszableetf chinall 7awkacipfthé faekétaskptiseslPplaicldtednl 2007
19. The cable of claim 17, wherein a signal speed at
the inner portion is at |east 2% greater than a
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ion 1. The cable of claiml17, where
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greater than a signal speed at the outer portion. 22.
The cable of claim 17, wherein the channels each have

27.  aTbe ogide b clhinoha| wixreia tiof chahnell e@atctaffiliin saussational

sha i nches. 23. The cable of claim 17, wherein the jacket
P®has a thickness |ess than about .030 inches.

28. - The cable of claim 17, wherein the plurality of insulated conductors has an overall

dielectric constant of less than 2.0.

29, The cable of claim 17, wherein the insulation layer defines channels exposed to

the conductor and also includes closed channels that are not exposed to the conductor.
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24. The cable of claim 17, wherein the jacket
conprises a plastic material. 25. The cabl e of dp Mapeh 2007
24, wherein the plastic material includes a
fluoropolyner. 26. The cable of claim 24, wherein the
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The cable of claim 17, wherein the insulated conductor
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insulation layer with channels, a cross-sectiona

area of the channels of the first pair being different
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255, The National Fire Prevention Association 259,
combipiongihesafl Fire Prevention Association 262 or

conbi nati ons thereof. 34. The cable of claim17,

wherein the plurality of twisted pairs of conductors
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of claim17, wherein the tw sted pairs of conductors

includgs 4fyistedraimsplcprductdiannel s. 21

35.  The cable of claim 17, wherein the twisted pairs of conductors do not occupy the

- channels.
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