WO 02/ 084675 PCT/ US02/ 11838 CABLE W TH TW STI NG FI LLER AND SHARED SHEATH
BACKGROUND OF THE I NVENTION Field of the Invention [0001] The present

i nventi orwoakasssst o a cabl e nade of twisted wire pairs, a0d/USODIB38
particularly, to a cable nade of twisted wire pairs that is suitable for
use in high- speed data communi cation applications. Description of the

Rel ated Art [0002] In general, wire pairs a m ze the
interference of &4 ( X adi ati on or

P ] J N5 L D Pyl Y21 ) .
capacitive coupling betwee i jgnal is present on a
twisted pair, a state knomﬁ;‘é@&;‘g@ﬁgﬁrwﬁg" vﬁs)ltqed pair naturally
creates an_ el ect oma%_neti c field around it. The el ectromagnetic field thus
gener at egi€ E\S}Ltf‘-ﬁ&&ﬂsi gnal in other twisted pairs located within the
el ectro tic f4 [ ﬁd}p]{ j : ; tive
tw sted g?rﬂ can |1;1ttflele[% F Seeé_l\feiva\\llllﬂltlt t eLayesgglgF%l?% ghr?agfa Fg’t@lﬁgrg V&aﬁéeili%\l}g’ aglgi rs
| ocat ed mbreqjactiv@laplyoi aitabie madd dfetwistedswirg pairs thasis auitadefidr,use silggal s
transmitted in one pair may generate "noise” within adjoining pairs,
t her eby Spgedfaigipoymypicaiien: YISt he signal in the adjoining pairs. This
coupling, known as "crosstalk,"” worsens as data transm ssion frequencies
and data transm ssion length increase. [0003] Various telecomunication
syst ens Dedgviption ©f ia/Relatdd Art cabl es conpri sing an odd number of conductor
pairs. A comonly used cable for such purposes, is the twenty-five pair,
cat egor y[00P2e cabiTa.gemeink wirernags arq astest teapingpize dlae infgyforencs eprignali ¢ h
associ ategd Tl A/ El equi r i .0 . i hni ques have
een t i 50t b Piis ) AR RIS A URaTRRLE PR HERERDIE BEAT I T0
near - endwheR s sigahlkis pi¥sehtlon aSiesed paaaistite kywnaldsVablide,t wentwstdd pagr pai r
category five cables. [0004] For a plenum product, the use of a filler
havi ng anaterally ereries guelaetremagnstic deldrpseund|it. ol dlectipmensnetic figdfiss the UL 910

bumtest. This is .sq because.the star fil.ler V. L 0gr .he

por cent sl bl SRR L PRet fiied blisTpe i Pldph.k BEERSRERLCS, |\
based upgdldprageiBhilyy, PR sdndtfedby ddtercaid twikke phidksn &0 vithiie | ayout of
the pairs of conductors conprising a cable is critical in the cable

passi ng epesatiph Af Bthar pasivemais e elosxcproxiseily wpbe fifst @airi o2 el of t he
nor e

signals transmitted in one pair may generate “noise” within adjoining pairs, thereby
degrading or attenuating the signal in the adjoining pairs. This coupling, known as
“crosstalk,” worsens as data transmission frequencies and data transmission length
Increase.

[0003] - Various telecommunication systems require communication cables
comprising an odd number of conductor pairs. A commonly used cable for such purposes
is the twenty-five pair, category five cable. This cable, like other cables, must comply with
associated TIA/EIA requirements. Various cable construction techniques have been tried
by cable manufacturers in an attempt to pass the power sum near-end crosstalk (NEXT)
specification for TTA/EIA twenty-five pair category five cables.

[0004] For a plenum product, the use of a filler having a star configuration would
not allow the product to pass the UL 910 burn test. This is so because the star filler greatly
increases the percentage of combustible plastics when compared to a copper heat sink
based upon presently known state of the art materials.

[0005] The 1a3;out of the pairs of conductors comprising a cable is critical in the

cable passing the TIA/EIA power sum NEXT electrical specification. One of the more
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-1 WD 02/ 084675 PCT/ US02/ 11838 successful attenpts utilized a cable
construction having the twenty-fifth pair jacketed and used as a center
filler wwbogioss6giads using two or nore different pair |apczaisenmesitand one
or nore different quad lay lengths (L) surrounding the filler. However, the
| ocation of the twenty-fifth pair inside the filler causes increased
installation times and potential for danage. For exa

0C | 2 rgtle, in ca%les
uti | i zi ngPuserspiuhaticamteutilized cablerronstietioy havipg thedweptyr it pypiacksled Hidhnge
when strippi t I i e ] ri
i nstall atllpsgg gga?%%fgpfeégﬁ/@rsg% q%ﬁllgfu 8?’%2?5 ggﬁ*ogé(%lgfre\{sétnr?g%l% ?@ﬁgﬁ%lg%éednggg%
at t enpt edor Mofelieffagiquad laydéndhn@.) karougidg ke fillentHowe ferthe &icatigudf thel

straight in between two of the quads, having the twenty-fifth pair placed
by the ceftcaty-Githpyr imside theviller asusepiinqregscd ms@llatingn trges #rd PGB {f i fth pair

T B A e B RS Fr P S A SR b B MR Pe TR, o,

the cabl e daglag®whai étﬁgpislg onBthe eRd bEBE iraherlthisk fi(ISRjayketidurieg ancdlatiand
attenuation requirenents due to instability in the twenty-fifth pair.

[0007] |t[00BE] al so Jeyerad diffesentchlle copstrugtiansthare pegnratie iatkePaght h t he

[ int , ds cl Q it. T ' ' :
Poenty- {1 PEROBATR et G neli By pie R SR dnt i B8 s
bet ween quadfentRfifiRQaiPlRcathest Raterarng Wit tHeads fARE dndeayiid fleer, or being
pi nched between the core and the jacket. [0008] A cable construction

i nvol vi ngtweatykifth pgr omtiievatsdeiof the catde porpaHewewdr, thesabige {2} © mesgicher to

ield t -fi i | e h I b t t. ith. lipt
Lhccoss. LEVRES hnie R HeStoefrig RS pe P SHiATRES sk Belshifles | 1y
maki ng i taharsed sighf réMetidh loss SORE), impatlahde, hd AtdrRa@étirdqireaadyibte foi | | .
[ 0009] Tw sted palr tel ecommuni cation wires are bundl ed together in |arge

cabl es. ifiybidigy inyhe B@&nty-fiftbpeirpai rs of wire are included in a typical
cabl e confi ation near _its termnation.point. weyer. abl.es_com ng out
of a centﬂoggﬁ el ec ﬁ?@%%‘i’%ﬁ‘l‘%}%‘?ﬁf% 'ﬁﬁ'@?mﬁwg&)ﬂﬁiﬁ'ﬂ@&_ eg?lrselgiiff
t housandsq,plys PRLPIAUNEAE b QAT AR insdIPRATR hidfity-BAR Balr whaS ofhed Bte
Wi t hin th% cable 1s utilized Tor transmtting data as well as for
f ur ni shi nigvedty-£fth panbeirg pinch@petpoorequals, or beingirded petveen thayquadsingithe

ma vice nmultiple data signals and

%: E : B: Sx’éﬁ‘?gf: e&?@np%é@tgge%%gﬁ a‘lfﬂrfﬁﬁ%ciltthae*ﬁtdi vidual pairs required for a

desired | @ggs; Of Sex WhsiE BRI fivBRitd acitlink ARESe BRI HERRNAIRBE €SS
conductors together to yield a twenty-five pair cable has also been attempted with limited
success. For example, the resulting shape of the cable is not round, thus making it harder
to install, specifically with regard to conduit fill.
[0009] Twisted pair telecommunication wires are bundled together in large cables.
Typically, 50 or more pairs of wire are included in a typical cable configuration near its
termination point. However, cables coming out of a central telecommunications location
may have hundreds or even thousands of pairs bundled together. In operation, each twisted
pair within the cable is utilized for transmitting data as well as for furnishing direct current
(DC) power to remote equipment. With signal multiplexing, a single twisted pair may
service multiple data signals and multiple end users, reducing the number of individual
pairs required for a desired level of service and reducing the distance between an access

point and a final subscriber.



point and a final subscriber. -2 WO 02/084675 PCT/ US02/ 11838 [ 0010]
Recently, demands upon tel ecommuni cation systens have greatly increased.
Wth the wopkosict® growm h of the Internet, consuners and Perasonmsss cati on
conpani es alike are seeking new nmethods for high speed data transm ssion.
In particular, teleconmunication conpanies and other entities are

devel opi n% nmet hods for supporting digital comunication circuits at

i ncr easedV9h@led andRefentdy. semapdsunondplesrpmuauaicatiqnesystems hgee gisaldy incregped.

exanpl e, g for su | Lgital C ' ' [Feults. at
a9 PR L TGO D I
ADSL, SDSliikeHRSeckingthew WidBhodsVIBENigh Bfdedhatinemsingsiob @h paticHalscri ber Loop

with A = Asynchronous, S = Symetrical, H = Hi gh. Speed, and V = Very High
Speed) . |tplegemimunisation ednanspinmani ether entities srpdavpiopingractbedsdor SHIPOEINE ™ ar e

devel opi n ese new net hods, for us ver.the exjsting te| WL i ng
i rastr REU ORI L e e e st B Rl Lap i ERORE bt &
as cabl eyt IRGxQYiBle, A Rlethvas vorlsgg@orﬁhg taneRemifdation\ichitd hrengemedi ng
depl oynent of the various high-speed digital trangort systens and

ser vi ces,spetbamtiordisandeinpudst butese ari limitethtoa RS 1 €51 Y8+ P Sk-ddDPhi and

i cat ] bl icld ] . Eney qi hods of
support 1 nPShgRER S D ton Ot Sretpe Lo BRRk R 5 ARA0R0%. 85 Coon
usi ng i Nog\RRSEEcAIRHP= High Rl SHHoN=V @I UBSLS KRN B RdHiRRE, €iesbmbfiRfatibPr

exanpl e, normal voice transmissions transmtted over telephone wires occur
in a freqosmeyics and ether entitigs axtderelppiag tiese oew methods foihise@vESthe gpisting at i ons

typi cal | it in . f thap 0 t 100
18! e bR i D 8RRl S a2
enmer gi ng asQiagfel rufb0dVEHRIAE Equg§% agBtlheds are highly prone to error due to

crosstal k between pairs wthin the cable, between adjoining cables, and

f rom out J06#&L] nt er f Withnilecmergineaeplayyneat oft the varnpmis highwpere digite! iramspert ng
signal is interfaced to transporf equipnment. such.as a node .[ 0012]

Typi cal | yS,YS‘S%%PS ﬁng,éftee%%g?rfm@ag? e eéf#le&ﬁ@cp I Bg TR RNL | e

I nterfer i B LK qR¥IY DePOntheCOPRER. FHM&bifle Whddddd dtREpfcplhe and
by groundi %gn‘tllﬂgglsoﬁlgeﬁ Sat 3 tgr m nat ron" poi nt . A’lt %r nati vel y],?(pi f n%l tiple
shi el ds atigitalsemhmuexdativn cigecuitabdessribeai dbove relyalpat esing arcreaased ddiael ds within a
cable, such that the nultiple shields within a cable gl ectrical

\ : |
comuni cdFARSEisSIPndERHeRsigiver loag distances, Bgregpmple AURGLYOiGE g?ﬂ%&}é’%(?ffsi cal ly,

if a transmitted over telephone wires occur in a frequency range from greater than 0 to 4 kHz,

while DSL applications typically transmit in a frequency range from greater than 0 to about
100 kHz over distances between 12,000 and 18,000 feet. As can be appreciated, emerging
digital communications methods are highly prone to error due to crosstalk between pairs
within the cable, between adjoining cables, and from outside interference, especially at the
point wﬂere the incoming signal is interfaced to transport equipment such as a modem.
[0012] Typically, existing twisted pair cables attempt to isolate outside interference
and crosstalk by using a common shield within the cable and by grounding the shield at a
termination point. Alternatively, if multiple shields are used, existing cables fail to isolate
various shields within a cable, such that the multiple shields within a cable electricaily
communicate with each other, especially after prolonged use. Specifically, if a
telecommunications cable includes an overall shield surrounding a unit shield, the overall
shield may electrically communicate with the unit shield, or else electrical interaction may

occur due to shield shorts for pinholes in any insulation. Moreover, typical
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t el econmuni cati ons cabl e includes an overall shield surrounding a unit
shield, the overall shield nmay electrically communicate wwth the unit

shi el d, owoebkmstses ectrical interaction may occur due to Phiralsdz/sisests for
pi nhol es in any insul ation. Mreover, typical -3 WO 02/084675

PCT/ US02/ 11838 tel econmuni cati ons cables currently i n use termnate the
overall shield by drawing out a _drain wire and sinp % clamping it to

gr ound. t@mmmumsﬁmw calepeirentiyin we t@manaitemer %Ver%]]sﬂléq 1py dsgydpgorta ¢ o act

Sy e e RsiRA e} RN, LR RhARLERR AR I ARVAE 500 o

cabl e f%uammagetslm At & dndinten&® THAY ﬂta@@tlht@ffe&hé&imltd the anisle ifront eetsidd speed
and/ or distances. The cable is constructed frommnultiple shielded or foil

screenedowicerder units where each binder unit includes an even nunber of
twisted wire pairs, along with an additional twisted wire pairs paired
with, and encircles a filler material along its length. Thus, the total

nunber of paired conductors SuvvaRy@fdHRINRENTIONE even nunber of twi sted
wire pairs is evenly divided into quads or sub-units with each quad having

at | easf{0013hr twi skhecresentinpetios is dirskideioc aableffor $11P§@1ﬁ@€rﬁhgl§ihcl oses the
guads of twisted wire

airs, the. additi alr t he
filler CWC&IUOPGH’F‘BP ng icupased sRFeflp %F d]ﬁ%f“feshj\%l ﬁablg %r - squ%t ed
number ?forﬁ iﬂuﬁhﬁg siik1d8d B@fdﬂ%creeﬁ’éc?&ﬁﬂébﬂnﬁs waREd aSk bRABEchibindRiges &i t  has
twenty-five or less twsted wire pairs. An overall core wap encloses a

pr e- sel estresumberbetwistedseirepngdalong véth aumdﬂmonalrtwmedmir@ pein$ paited;with,appl i ed
over the top of t he overall core i d _bet ween
the uni @nd ERFIEQlEP rtl?l@e%la@nﬁnltégﬁ’@ﬁ’ ﬁ“ Rﬁﬁ\gﬂe ‘?&‘?eéé’ﬁgﬁlr%qucf% PR ts.

The shi g %hédﬂ ﬂlﬁﬁﬁerf %Veri Meg oY t\In@tred 'vm%r IS’AYI%QS E\?‘e'h[? A 3de@Mtb Quidsasnd.

Finally, e entire c | e may be encl osed a ] acket or sheath. [0014]
| n one enbaoditsreith cath ¢ieel hanmgrat least, fom’rtwwtecﬂ Wme paus. eA|Shield1@sf0d stgeger

di amet er thanth [D?I'[IO twlst ir nd the r. material is
twi ned WRelRsasthe BQﬂa biigted Wit R@Eréu‘ &%‘tlﬁﬁﬁ rthsgfiﬁia Wifapat ?ﬂe‘l ?’ﬁlg’f mat eri al
causes %?at@ﬂdfl t§ Pt Ps L@ U x#g PPreklebiR nuﬁﬁ;@if (5f' tQRabd @VYi‘e Yatl Wre
pair that 1s not 1n contact wt t e filter material. In another
enbodi nPagfemblyt, bach soyezntd bindertuné Hak bwerty-five er leab tvBisied MR palirs. Addiveradhal
twisted wire pair., within a |ongitudinal roave fornmed.in thﬁ MI | er
mat er i ajcore wrap encloses a pre-selected nimber of screened binder units, and a unit shie

applied over the top of the overall core wrap. A drain wire may be pulled between the unit

shield and the core wrap of one or more screened binder units. The shield surface faces

inwardly for improved termination to ground. Finalfy, the entire cable may be enclosed by

a jacket or sheath.

[0014] In one embodiment of the invention, the filler material has a larger diameter

than the additional twisted wire pair, and the filler material is twined with the additional

twisted wire pair, so that the filler material causes an air gap to surround any portion of the

additional twisted wire pair that is not in contact with the filler material. In another

embodiment of the invention, the filler material secures the additional twisted wire pair

within a longitudinal groove formed in the filler material.

[0015] In a preferred embodiment of the invention, the filler material has a-

dielectric constant higher than a dielectric constant of air. More particularly, the filler

material is selected from at least one of the following:

polyfluoroalkoxy, TFE/Perfluoromethyl-vinylether, ethylene chlorotrifluoroethylene,
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[0015] In a preferred enbodi ment of the invention, the filler material has
a dielectric constant higher than a dielectric constant of air. Mre
particul awby2/o84sesfiller material is selected fromat |e&€t/usnB11888 t he
foll owi ng: pol yfluoroal koxy, TFE/ Per f | uor onmet hyl - vi nyl et her, ethyl ene
chlorotrifluoroethylene, -4 WO 02/084675 PCT/US02/ 11838 pol yvi nyl

chl oride, fluorijnate erfl uoroethyl e ol ypr opyl ene dfla r et ar dant
ol yor opyPUER} iugfe. ARtrnitel syt GR el eBoPHers sl Mmerefifiashc  on. t he
j acket naf,(gg,ir,%u%h,lfhgcl udes a dielectric layer. The dielectric |ayer can be a

single or ple dielectric layer, wth each |ayer conprising at |east
one of thi@0l6] | ow ndlsdiow mefoked embalimahtarfahe invpadiony iryjhckehimateride, f 1 ane

retardant, polyethylene, |inear |ow density polyethyl ene, . polyvinylidene
f1uori de, mehds %Héhe&%#amrr e G&f%@%wy%ﬁé?%ma&malmae@u PR 35T ene,

e oD i A5 g R TS0l BTl o sy o be

bare copper wre, e Insulate ting materi al
havi ng a plgViagtdhlerideofistna métardentgobetistent hikmeaa by tlerRith polybibyleat,| y, each
bare copper wire is between 22 AW and 24 AW The insulating nmaterial

pr ef er abl Bolyviaylidsas fWoride £8ylegs shlgrotrifuomogthyisne fijiormpigdethyiang parpyiene,

pol yet hyl r opyl ene, high density polyethyl ene,
pol ypr opy@gﬁnne?pl{i)%]?y ﬁstogé%a%@g&)w %ﬂ}s{%{ei d or foaned

TFE/ per f | jgonopet hyl Bashydaidbeos cag Ok iabaes cdpparwite fdndeatingioatll be insulated
et hyl ene- propyl ene, and foaned et hyl ene chlorotrifluoroethylene. [0018] In
t he” cabl eWih ap frsulptiag appteriah having & diclackic eopstagt po gispter Bhap 8bew iyt ed from t he

the ot ner oy el SR M TRbeR e QRrA TR Bt 4P A G e IBRERT Lk o) oo

i nt er f er egRriaEprdferatly BiRlUes &leasboiersithé faRRNiRS flahteretifdaat folyethfed,sO
i solated fromcontacting each other or from contacting individual wres or

wi re pai riBamegetardantppbipaepylensr Meindensity pabyetiylenpr rolemepyiene, pelsflueroalkosy.gnal

| oss throu i.nhol Ln the twi.sted pair insulation..[Q019] Mreover, both
the over At BHaE e PGt iy Rt ol Rer ¥k Bhg i st ce

i nwar dl'y @nrylefd-gdpylERé,and Foandenmidneadhl @¥eifludeockidilénet 0 be fol ded back over
the cable and the binder unit, respectively, and term nated using a sinple

gr oundi ngl0818hp, rlxthecahleghthp pregemsumdintign tthe overall shighdrigisektddsfremthent | y
the pr actlim(}te s'hie"?é{s, %lng ggc!hns%ietlg ?nay be terminated to ground independently of the other. In
this way, the inner binder units are isolated from outside interference, e.g., from other
adjacent cables. The shields are also isolated from contacting each other or from
contacting individual wires or wire pairs, by the overall core wrap, thereby preventing
shorts or signal loss through pinholes in the twisted pair insulation.

[0019] Moreover, both the overall shield and the unit shield are applied with the
foil side inwardly oriented. This arrangement allows the foil to be folded back over the
cable and the binder unit, respectively, and terminated using a simple grounding clamp,
rather than by grounding the drain wire as is currently the practice. By clamping the
shields instead of the drain wire, shielding performance is enhanced because the drain
wires are not able to act as an antenna and draw interference into the cable.

[0020] By separating the twisted pair wires into manageably sized binder units,
convenience and efficiency of use is enhanced. For example, separate digital services may

be provided through each of the binder units based upon the frequency spectrum within

which they operate. Alternatively, one binder unit may be used as a “send” unit, while an
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shields instead of the drain wire, shielding performance is enhanced
because the drain wres are not able to act as an antenna and draw

i nt erferewo®iosusos t he cabl e. [0020] By separating the tw PCEWUSPALIBIN I es
i nto manageably sized binder units, convenience and efficiency of use is
enhanced. For exanple, separate digital services nmay be provided through
each of the binder unjts has d_ugg& t he freguenc EectrunLMA%ni whi ch

t hey oper #baentander 4R MAY| RP H@e?ecﬁ’r’(ﬁ uw@y%\z_%@amgs? §’g41d" unit,
while an « %exyeg”%{cg%ﬂégéwgg {31'2459128[@1&%’81%&& adh o5y bgﬂ}&;&gﬁ gwiéﬁyrdg)aﬁymtﬁﬁl a

designate& recelrve" units. separating "sen ceive"
funct i onssiigé veignodal ombastalltris hiininmizdd)Bading éninsicapddytromsiesam disteisieed pairs
within a single unit, local crosstalk is mnimzed, |eadi ntg to increased

t ransmi ssiO8ALldi st anthepresepbyentionig alsp dugsied toawathogdos maniaguing et ed to a
met hod f o ' - | : v El kS Lt oOf
conduct or o WEABEANE FiRG P BREST CERRLLRTE pHA i B Mo OhaRE] 2

W re pai réven higber dfheisiéithvire phiad. Tiednl the bddia ookl phiaros cosduyeeirs Bhairedraki ng t he
total nunber of twisted wire pairs an odd nunber. The even nunber of

twi sted meidag paitets! rynabarief iwisiednivige paissian Odd nRIGeH uEe VSR nymher ofitistest  at

| east two_tw sted w [T 1L onal .t w | llikeSh-GQuUpPl ed
w th and Wi PEbY s MehEyRRY ifcod L bR T B Bek Y6 RuftBltpilepeid P, £C

quads of T SldRbnWl thestedivie paftds Ehplaldeit armneacirtleh atovdd the il aiateriat oupl ed
with the filler material are extended in parallel to forma cable so the
quads of alergigulengsh. Fhen shearads oh tvisted wiigdiairs andifhetagdistonal twiivied WHE P2iind t he

filler materjal...,The t he, .quads_of ,t.w T, i t itional
twi st ed worRleBarin BE A LA B AS Rulhodath PhefighliSaf Bl PR R | Veor
l'ess pai rgn@fict6opekd Gh@biend RE ad@REhAIRWiclYwvire Sdit fladhefilltOinhterialc rReRA, the form
a screened binder unit. Next, the screened binder units are stranded to

form thequadpbltwistedhwirepaira apdibkeddifana tvistedswire paineeuplesewih BledilleBrl EF

S 1 A LT 0P b e B Ry 2

i nvent i ongcradi @6 Rrinhescisled BindeOini€ NGk GhOEdedned BirRleP aflitdr0 vitghdad td foar
material of low flexibility. [0024] Fig. 2 shows a |ongitudinal cutaway

vi ew of dheatfile Eoally,dijadket materisbsioragndsehdodilerent of the invention, where
the odd pair of conductors is twined with a flexible

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] In the drawings:
[0023] Fig. 1 shows a perspective view of a cable according to a first embodiment
of the invention, where the odd pair of conductors is wrapped around a filler material of
low flexibility.
[0024] Fig. 2 shows a longitudinal cutaway view of a cable according to a second
embodiment of the invention, where the odd pair of conductors is twined with a flexible
filler material.
[0025] Fig. 3 shows a cross sectional view of a cable according to the first or
second embodiment of the invention.
[0026] Fig. 4 shows a cross sectional view of a cable according to a third
embodiment of the invention where the filler material includes a longitudinal groove.
[0027] Fig. 5 is an enlarged cross sectional view of a pair of conductors according

to the invention.



filler material. [0025] Fig. 3 shows a cross sectional view of a cable
according to the first or second enbodi nent of the invention. [0026] Fig.
4 shows awore®ss63®cti onal view of a cable according to a trhirrusoz/estodi nent
of the invention where the filler material includes a |ongitudinal groove.
[0027] Fig. 5 is an enlarged cross sectional view of a pair of conductors
accordin to the invention. -6 WO 02/084675 PCT/US02/11838 [0028] Fig. 6
shows a [P828pect i VIEZ G hawsfa RERSPAFLivE Yiewhohan plisiaH/pelysear §Cagsd tape

configurati.on accordi the jnvention. [0029] Fig. 7 shows a perspective
vi ew of Cgﬂhﬁﬁaﬁf’%3?%05@9%%)&%}{“?%%%&confi guration according to the

i nvent i qpg2910030] ﬁ%m sHOWE RGBS pRC RS R OF b Bltoth&WeGErean tapeicynfguratienbl e
according to a fift enbodi ment of the invention. [0031] Fig. 9 shows a

cross sectowing tovheiwveftionhe fifty pair cable according to the fifth

oo g, e HEETASD s 0ERe BLFr RS R Bs Sk R AR o

i nventi Qubdd83Rlor Hidnvektionhows a cross sectional view of the one hundred
pair cable according to the sixth enbodi nent of the invention. DESCRI PTI ON
OF THE HREFHRRED HERBODIHUBNESrpBG8dfonal viwrad filmr fifite pait cabiie @cotdingitatheanspor t
cabl e, shown generally at 10, according to a first enbodi nent of the

i nvent i dith emBpdimepifdhe HRENtOM)| ¢ 10 incl udes a pre-sel ected nunber of

bi nder ygpks 12. Aﬁgﬁf e'h'a% LR QRSB BE R a Bhe Bﬁ&?dré@éﬁf‘%ﬁtﬁ@ accdrdihgdl e

bi nder “unit” 12 inc S one or nore groups or quads 1 each quad 14
conpr i sitbghasixthemsiodinimnt of the inyeatios. 16a, and an additional wre pair 16b

wrapped around a filler 18. Preferably, the _ binder ynit 12 conprises siXx
quads 1400&3ch qualiisald shews agress sectiprrbvipyiof Q“BPS'S%PB&IEQ pppcgble a ‘Forgmg

e e W g BPog gl 20 or ent LD e part o
nunber of twisted wire pairs 16a, 16b is predeterm ned by the manufacturer
of the binder unit 12, but in practice it has been found ’
DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0034] With reference to FIG. 1, a transport cable, shown generally at 10, according

to a first embodiment of the invention is disclosed. The cable 10 includes a pre-selected

number of binder units 12. According to one embodiment of the invention, a single binder

unit 12 includes one or more groups or quads 14, each quad 14 comprising at least two wire

pairs 16a, and an additional wire pair 16b wrapped around a filler 18. Preferably, the

binder unit 12 comprises six quads 14, each quad 14 having four wire pairs 16a for a total

of twenty-four wire pairs 16a, and the additional twenty-fifth wire pair 16b wrapped around

the filler 18. However, it will be appreciated that the number of twisted wire pairs 16a, 16b

is predetermined by the manufacturer of the binder unit 12, but in practice it has been found

that twenty-five twisted wire pairs 16a, 16b and the filler 18 may easily be combined into a

single binder unit 12.

[0035] Referring now to FIG. 5, each twisted wire pair 16a, 16b comprises bare

copper conductors 50 between #22 AWG and #24 AWG. Each conductor 50 is insulated

with a material 52 having a dielectric constant of about 2.5 or less, including flame

retardant polyethylene (FRPE), flame retardant polypropylene (FRPP), high density

polyethylene (HDPE), polypropylene (PP), MFA, PFA or FEP in solid or foamed form, and

-7-



that twenty-five twisted wire pairs 16a, 16b and the filler 18 may easily
be conbined into a single binder unit 12. [0035] Referring nowto FIG 5,
each tw swed2ms46es pai r 16a, 16b conprises bare copper comrd¢waisor/s183%

bet ween #22 AWG and #24 AWs Each conductor 50 is insulated wth a
material 52 having a dielectric constant of about 2.5 or |ess, including
flame retardant pol yethylene (FRPE), flanme retardant polypropyl ene (FRPP),
hi gh derfeimgd EGEFYe Iy lcondict e tiyglegbe 6yt hadwispr)wirasars JopAl @y asFEpP i n

lid f oar; d -7 02/ 08467 02/ 11 . CTFE. Th
ign:juc? %Pg‘?’gg’e E}Ctéoi %%&‘gnf“ﬁse Shees O‘Fwﬁ(ﬂwﬁs Jﬁé{?(?@%efégﬁqggmgs showne
in Fl G Red R\olGBuARSEHNNiRIAS 1$ROWID, hild Qudds 13 thal Bensik@bF Bfhidednes in FI G

3 are wused to show groupings of wire pairs 16a, 16b, and quads 14 that
consi st cohdimter mhénd 16aridhcbwdomat designate a metsriab Jlowkyendt widkls appsacéated

T T sh o, B 5 e BT S A o
al um “U%Qﬂgﬁﬁﬁlrﬁn{rﬁ%ﬁ&&%ﬁéﬁm,% B RASELPRbYRERAMAEAS, SRYEId @nedand/ or a

ti nned or brai d may surround each guad 14. [0036] Anot her aspect
of the iahwembindbraidsnathatronhéecatidjundddal wire pair 16b in each binder unit

12 is wapped around the fill 18 in a nanufacturing step. while r before
cabl i ng [P¥0)si 1| _erAll‘ﬁ%l%rr?BPetcﬁ%fet‘E‘G\éhWt-l?q Bt atfpe %&cfstéqr}agwgs p\%r}ﬁ}ﬁt t”?'l_%ac her six
quads 14y, EhGnitfhbhd %F%J\kgd hﬁﬁﬁ@ﬁg ifer 38 Sﬂl_a%ﬁ&%riﬁ?%@f) Ganile, deBdeal wWith a

di el ectric constant r than 3.2 to avoid signal reflection loss (SR .,)

f ai | ur esablligz the fidfeg hdhnd &t lteetty-Gifih wwiet paie hoh withtlse aher simdudde 14i dhect ri ¢
constants. Care is taken in choosing the n&teri‘%‘lchof the filler uch

18
that t Htlesl 8y madeefrhich flame refardanigpaigasl Wi agipeciireonsterrt Igver BeR druat ed

to the [ { . he . i ir

coupl | na0 A SH §af BALARy BANSRR) filoMaUuB o R S o BB L B et ol
mat er i alilike gletdeic doktaatsadateds takeh yif thoosimglthomytetiBFof)the filler 18 such that

TFE/ Per f | uor onet hyl vi nyl et her %A&) et hyl ene chl orotrifl ugroethyl ene

( ECTFE) ,the plg¢tyamegpetie HFlds perpagatipe)dowm the witg i tenated iihe stighipst deeree

pol ypr opyl 8hE. SiERin Al dilair (o dABln PREMPLRRVLENE A BT ignd addt Fon,
each of I%Eéﬁe quads lﬁe eITONSt P At 69 & Wof 8t pai r near enJ crosgt alk within

the grouegrk pdbsiblb. AtcepiBletiineliAs intaide, for aranpls spodyfluorculkaya®FAance Wit h
TIAEIA mnimumrequirenments. Furthernore, a near end cr os(s:t alk isolation

bet ween TH#Perfaarmethunpiter AMBA).sthnerchiosetsilveroctlean ECEFERS db power
sum polyvinyl chloride (PVC), fluorinated perfluoroethylene polypropylene (FEP) and flame

retardant polypropylene (FRPP). In addition, each of the quads 14 demonstrates a worst
pair near end crosstalk within the group of 35 db at 100 mHz for data transmission, in
accordance with TIA/EIA minimum requirements. Furthermore, a near end crosstalk
isolation between the quads 14 demonstrates a worst case performance of 38 db power sum
at 100 mHz in accordance with TIA/EIA minimum requirements.

[0037] In a second embodiment of the invention, a cable 10’ includes a filler 18’
that is flexible enough to twine with the twenty-fifth wire pair 16b as shown in FIG. 2,
rather than having the twenty-fifth wire pair 16b wrap around the filler 18 as shown in the
first embodiment of FIG. 1. When the twenty-fifth wire pair 16b is twisted with filler 18°,
the filler 18’ exhibits a varying central axis resulting in a wavy shape. The wavy shape
protects the twenty-fifth wire pair 16b from being pinched between the surroundiﬁg quads
14 and filler 18’, as shown in FIGS. 2 and 3. This is especially true when the filler 18’ has
a diameter greater than the width of the twenty-fifth wire pair 16b.
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at 100 nmHz in accordance with TIA/EIA m nimumrequirenments. [0037] In a
second enbodi nent of the invention, a cable 10" includes a filler 18 that
is flexibWwooenswsgh to twine with the twenty-fifth w re paPCTAS2as3&hown in
FIG 2, rather than having the twenty-fifth wire pair 16b wap around the
filler 18 as shown in the first enbodinent of FIG 1. Wen the
twenty-fifth wire pair 16b is twsted with filler 18 the filler 18

exhi bi t J0838lar yi ngrusharmere, apshewn dsHIG.i2n hei varvingaenyrab weip @10Vides 2DalFy shape

fifth 1 f h
et oundoRGeL g e 6 etk e arpRdore e WS IOoRUE0 B, dGEARET, T 0,
especi a'doﬁsthﬁt%ﬁrr%&ﬁng he ttv'ebﬂyeﬁft}ﬁﬁlre A5 1618, A MBIBIze§ st flonhh@n the w dth

of the twenty-fifth wire paifr WD 02/ 084675 PCT/US02/ 11838 [0038]
Fur t her rmo‘ede&aesdls}wgmaﬂylelﬁia@;e@oordﬁréo th&rsw oifjercqunds aft imthiesopstgiioes an air

pocket ongt C er of t care,, The ocket. ances
the di ell[ggfdr]l ‘?atfnnti1 %P?rfﬁﬁlﬂﬁﬁf g“tf WIHE vy FP%ttrﬁft P& pﬁ‘é&gb %é%l and
mexi m Z&ge ﬁﬁaafsatw%&me or RhAY am qudit@t&cs&;f bdl hyadenhangachpbslesn t 0 the
six other quads 14 in the COI’lStI‘UCth on. 39] One of the inportant

ef fect s dffthe tmientynffth Meret poamit6p-is altared wmwr@chiorthq othepwix lquadsist such that theg, 18
prior to or | e. cabli t h t ds 14 that. t he

posi t i oﬁweﬁtﬁ’wﬂbwirﬁ@ﬁ]? yl%g i"‘flfl I‘?V\’lkﬁ l?eé’tl‘ﬁglt‘? IO‘%G%“% q{ng? EXFIX 6%?%5?%%0%% t he
other sip, &Hgéﬂs(L%ft% tWeht) FiftH Wie phiVegY dyihéd &vhh\ehéﬁu&ailsr 1@6%@ Il only be

cl ose to one~quad 148 oncg every Pepetltlon of lay length (L) of the
t went y- fedldctlomagneticpmiuplidgbettveempairsviiOtife tendy dilSﬂl‘lbetedl\&Ih EBerencElie the

el ectromagnet i c coupl | betme irs 10 is evenly dlstrl ut ed

r ef er enc¥eRly-f Efﬂb"vlft:\%ﬁtlgbf“il fherp W’ef ges ‘?‘%1 COBBLIYGHOP g scé?sis%jﬁf 18
constru e cross-talk is mnlmzedlnthe resul ting
cabl e. ﬁ%&gﬁméﬁnﬂ eé‘%%trﬁ Can% ning the twenty-fifth wire pair 16b with the

centr al I[9040]Jocat etﬂj‘rthlehﬁbrelﬁvmﬂng the twiehty-fi fitle wipe a&r 166 veitlr thowerdiatly the fill er

18, 18 and the twenty-fifth pair 16b, ens t hat the cable canstruction
stays t Hécaé%@n@@dfgb Fa% ; Wﬁ’%‘tth‘l’ Auads 4 suringding ‘ﬁ@ %ilﬁr lg 1§EI {fVEty- lr%ﬁ]ou nd

cabl e. SJI éel%ﬁgeiﬁ(ﬂl)aqltlllé/ cdb &{nrst?lfbttloggfa&%]glecsﬁﬁg élhﬁ%h%k%ﬁhbﬁ) csu}@?%'ln

|nstaII|ng e 1n condauits rays an

exanpl e,a dubgtas@dilyaroisd cdbe. CEids &y gpurthliyampertantaiuding Salsle mseanatmm wanenous
strains. The round shape of the cable nmakes it easier i fg and
t W sti ngnstaléing Wé’rﬁa}?leflﬂfcpﬁdwsr eablgyirgys aae ogriIhooks oy 1”13@?‘13 E:’Léhe eignsures

that it g &:?é( ?{ougd %ox%%?s 5480 svm]gc@ 1d DicG @R fnd Orhedund §th9 o abRYRdbends

during i
it easier to 1nstall, and twisting the twenty-fifth wire pair 16b with the filler 18, 18" ensures

that it stays in place even when the cable 10, 10’ is forced around bends during installation.
[0041] Having the first twenty-four pairs cabled into four pair quads 14 in a
manufacturing step prior to or while cabling all six of the quads 14 and the filler 18, 18’
with the twenty-fifth wire pair 16b into the cable core causes the positions of the individual
pairs 10 in the quads 14 in reference to the outside of the core to be altered at the frequency
of the quad lay lengths (L). Such a construction minimizes capacitive coupling between
pairs in a first cable with pairs having the same lay lengths (L) in adjacent cables installed
next to the first cable or around it in, for example, a cable tray. In turn, crosstalk between
adjacent installed cables is minimized.

[0042] FIG. 4 shows the cross-sectional view of cable 10’’, made according a third
embodiment of the invention. In the third embodiment of the cable 10°’, the physical
protection and dielectric effect of the twenty-fifth wire pair 16b are further enhanced by
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[0041] Having the first twenty-four pairs cabled into four pair quads 14 in
a manufacturing step prior to or while cabling all six of the quads 14 and
the fill ewob8/0848 with the twenty-fifth wire pair 16b i mco/ushz1Babl e core
causes the positions of the individual pairs 10 in the quads 14 in

reference to the outside of the core to be altered at the frequency of the

quad | ay | ength; ,.oUch a constructi 1 nimzes capacitjyv oupl i ng
ot ween TSRS Bt 13} it loRaReliag eifoseiErRer g o onas Thfe Feitline ()
i n adj acept weabheSeh Aba [ted next to the first cable or around it in, for
exanple, a cable tray. In turn, crosstal k between adjacent installed

cabl es i[©043Ini m zeAlithduph4y ateve dederbhdvenstrnetiar asthe sade 1O abmpicavisasfto cabl e
10", made according a_thi r% ,enbodi nent of the igi/ent 'hon. In the third
enbodi netpmexiang therggiliang epble’s pifenyption Regformancs, & Aisoshangs hespblesr i ¢ ef f ect

of the t Y fd i i - Q@@lgg}q ¥ a@ndMR.P%{ 084675
PCT/ USOZW%gngOﬁn%%}C\ﬁqgtgb%ﬁq eéﬁ%ﬁfn\?\?ﬁh%&%lﬁg?t udi naf graoor\l/e 33, deep and
wi de enosigtpatisod @tthé higeriuaod yE cablef 10h (shiowa ip&IG. Dblecaisdén ihe dohstrycAOH ]

Al t hough t he above-described construction of the cable 10" conprom ses to

sone ext@hic 10he thedwentyrifgh watspairsl 6 ds Resially csomerssed Ay Micanateala) so enhances
the cablg' s . : f.0 . - th i . dj n

i ncreas eceoln%masi}l@ﬁr:i beg? ? oh F[:E% %ag%nn%q:g?#lg%%ﬁt ol(at§ %g.}ﬁ\g%ﬂt lgﬁlgééﬁl %ﬁét{)l? bégha?gﬁlfg
(shown i 4ir MHich imbdiyauseunds tvetycRittswire paii 06b of cabbabd’e AS'a resultethe
twenty-fifth wire pair 16b is partially enconpassed b){ the material

conpri si #gnpationdpssighigharia cghled; alAcspidingly.decauge caple 187 At pHUANG her

pa 1 160 P BT £ e s Bl Tl L™l ok R ARt T 7€

cabl e 10with Aag®I@i ngl y, because cable 10" is partially enconpassed by the
material conprising filler 18", it has mninmal crosstalk in conparison

with cat;l]()§4‘!]0;c . I[ afrinRaog o G Sn b, the twisted, wite gairs Ha, 10k anddifleile pairs
16a, 16 Ji 1 18! 18" of i [ | ed
toget herlglq mﬁl)gaﬁglréalr%lb{‘ﬁmgl%f‘rgﬁ)élgglgdgoaﬁ%{hepﬁg‘ggafggé%Vl%garsﬁwgngl gﬁl%decore 22.

The uni twiha0 18 GorfPy bEEHIIOS 22. aTROUM £F P20 thhyRor@friseQf fityestRiBhj @l known in

the art. Preferably, the unit wap 20 conprises a two-m | thick gol yest er

filmof ethe matprgal kbivnlmtrar. Prefesably the unit vaigi20i compriges diwo-pildbicEdge t ape

f2 f eles e dglléo {1:63 é%&ﬁ%ﬁgvttgge wet tknc\;\{r)er% B t%g a%to III gc{(ﬁ%ign, lﬁr}'oﬁ flség 'eﬁéed tagé1 24 i'l;he foil
placed around the unit wrap 20 to form a unit shield 24. The foil free edge tape 24 may be

manufactured to include, alone or in combination with other materials, an
aluminum/polyester material, an aluminum/polypropylene material, and/or a tinned or
aluminum braid.

[0045] As shown in FIGS. 6 and 7, the foil free edge tape or unit shield 24 includes
an outer surface 26 and an inner surface 28. The outer surface 26 of the tape 24 is an
exposed non-conductive material such as an appropriate polymer or plasticized material of
the type well-known in the art. An inner surface 28 of the tape 24 includes a conductive
foil surface 30. The foil surface 30 extends the full longitudinal length of the tape 24 and is
of a predetermined thickness, but preferably extends less than the full width of the tape 24,
making the longitudinal edges of the tape “foil free.” In one embodiment, a portion of the
non-conductive material remains exposed on the inner surface 28 of the tape 24 adjacent
the foil surface 30. Preferably, the exposed non-conductive material is coated with an

adhesive of the type known in the art.
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manuf actured to include, alone or in conbination with other materials, an
al um nunt pol yester material, an alum num pol ypropyl ene material, and/or a
ti nned orwoakamsdémuim brai d. [0045] As shown in FIGS. 6 andPZI/ushy1fsed | free
edge tape or unit shield 24 includes an outer surface 26 and an inner
surface 28. The outer surface 26 of the tape 24 is an exposed

non- conductive material such as an appropriate Pol ynmer or_ plasticized

nat eri al [M46]t he t ysdestseen iodd@h 6i thefeibsusface 3Q\ar therjaner surfacecd ofghetape he

tape 24 i,ncl udes copducti v foll . ,surfac Q. | f ext ends
the tul | 2R aaPRRarar D et st oo MGl tinel 3%, SPbLendthicRhigud? O

thi cknessghat BiosBd BbEbANA0, 40 Rt wER thé'@)ﬁgf&l_itﬁnéllsides B2 Mdoforhe tdpe 2t ape 24,
maki ng the | ongitudi nal edges of the tape "foil free." In one enbodinent, a

portion efd theaespeotinedongitusiinal sidend@38aif thechodlisndacedih JaigtapeestPrloandiAdr

f 8_of the t 24 . adj t..the fojl f . ably. th
oxpoced AEPbcAnEr i BNHER of tsdfashiln RS Gusi B ERBFRRRY prsbo
known in gtdbgicad ]lbl and D2 VR At Q848 SerREFebiPR2hdd BaSitudiff4&les A2, Resid foen in

FIG 6, the foil surface 30 of the inner surface 28 of the tape 24 is nost
pr ef er ablyrfaedosgiwdingbtidesci®, 8Beart tdegticaldiut ey seetbotd®; /suingfpretieus ape 24

h that ! ti 40 i t. he | i tudi | id
35 "4 opmpRgReRpaheposatparigis ALE A2 B AR Stk nere 2 B SRt e of ¢ ne
foil sur Ifﬁ‘gﬂrtlég botd BEURBGES relhecliNE eklosedBbitiBR 4D S BBbuRE sihRe RBIOF tHer €€

edge of pe 24. In the host preferred enbodi nent, the distances D1
and D2, mapasdred between respective tape |ongitudinal sides 32, 34 and foil

Th & pr e WL et thamdht fol e eldseSiecp o niais visnd apockite CEEVER R Ch an
adhesi ve : f LT [ 5 portion
20, a2 ol RERREWAL 6 B R o N e P T RS Pt e
edge t apéir@4ongtulial dd 3¢/ ofwbhe ficll albfact 30 hewonmid subwtapti 2y adgaventathesgcondir ai n

wire 56, the heljcal spacing of the foil free edge tape 24 s such that the
first |o.lfgigetuémﬁlaﬁlldf‘s?%fté%f%#S%ff?éeSBPPS%%P?%Y?eWI S:i 28 SHRUR G érgﬁ‘ﬁ ally

o acont sERREO o LUk tonly MieyESoniel oy bl gRg R0 o1 |
sl i ght | y Fuwawtr, thedesdingcetdpeexposed tafe gongondl, inctwdime 6. adhesivea44, cottheis theadi ng
edge ex p%)sct%(rjio; Sl@feacg 8{ E)% t(i‘)lg u?not ’wriag %l(),uvgliqi?egthg tt]r(;)jli%g gggei g)?polsléld ta(];:)g BE)I%%EI%-Z} he
including the adhesive 44, contacts the outer surface 26 of the tape 24 of the preceding
wind. In this way, the tape 24 is secured both to the unit wrap 20 and to adjacent winds of
the tape 24, thereby preventing migration of the tape 24 or gaps between successive winds
when the binder unit 12 is flexed or moved. Moreover, because the tape portions 40, 42 do
not include foil, no part of the foil surface 30 is exposed on the outer surface 26 of the tape
24,
[0048] In another embodiment, shown in FIG. 7, the tape 24’ may be formed of a
single long strip of polymeric material having a width W that is slightly larger than the
circumference C of the exterior surface 21 of the unit wrap 20. The foil surface 30’ of the
tape 24’ has a width W1 that is substantially equal to the circumference C of the exterior
surface 21 of the unit wrap 20 while accommodating the insertion of the unit drain wire 56.
The remaining width (W-W1) of the inner surface 28’ of the tape 24’ defines an exposed
portion 40’ that includes an adhesive 44°. Instead of being helically wound about the

exterior of the unit wrap 20 and the unit drain wire 56, the width W of tape 24’ is wrapped
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exterior surface 21 of the unit wap 20, while the trailing edge exposed
tape portion 42, including the adhesive 44, contacts the outer surface 26
of the tawe 024swf5the preceding wind. In this way, the tape/udd2/is3isecured
both to the unit wap 20 and to adjacent wi nds of the tape 24, thereby
preventing mgration of the tape 24 or gaps between successive w nds when
the binder unit 12 is flexed or noved. Mreover, because the_tape, portions

40, 42 dorcupderentidllybautrthe pindefgimih}3 anskthe Hait fegin wig Spsueh B9t fist g osed on

the outer surface 26.0of -t he,t.ape . . r i t y, Shown
in FIG SF,COQ gnglgupdgnaégurf ar‘r:§§3%é9%0?%51%%(%@%%%128%9}0{8%5 bglt%r%?ghfgggbo yneric
mat er i al thixawybdiaen i tHe t?éﬁel hats Weappbd giényfeteati gy abidnathettieder ahitdnthex ence C
of the exterior surface 21 of the unit wap 20. The foil surface 30" of the

tape 24'thpasitsvrep 29'Hs vamprined of 8n slangetad siip|of pokvgtier filipthahis WRpPRSEhf er ence C

of the exterior .surface, 2 ft.h ni i) e accommodating the
i nserti S irghas i s ﬁ‘“@lt‘%‘é“%‘ég“%tﬁrﬁghr%g‘%vré%#%&w dth (WW) of the
inner suphagie 28' e dpBsddaReLAM0 IBLINARE BOaEER9s ad’, R diedapsPportibat
i ncludes an adhesive 44'. Instead of being helical l‘tﬁi wound about the
ext er i orofdhe tape outer surfacapo2thesely sehléng the unid wasm2Qvithingbe tapeedni 46h W of

tape 24' .is w -11 WO 02/ 084675 PCT/1JS02/ 1183 circunferentially
about th%‘oﬁ’inﬁﬂgﬁ)@l(jﬂiﬂ?e 1BeT Y afehg8 Lﬂfi%l’e P Wyrlgégge 8%%”%%1%@%@ st and
second | é)las,gﬁﬂlﬁﬁn@ldﬁfn%ca%sadﬁgéive sfthatBRRtomitbsal Sfedf itidd tab&DtHaybe t he

bi nder unit In this enbodinent, if the tape 24" is w apped
ci r cunf eaféined @l thy extenoertsutfaes Di oftbe vnitivrap 20 iftdasired. tihéhis miay, apgpi e i s

i sed. of , ted strip of pol: filmthat i d
T bunt i ) ERbS Pty aiert of BRyingebkil T 1w ot of pai rs.
[ 0049] T@gwxposedmeﬁ%ni{g%wﬂﬁ'mgbn@i4ug& Bgeﬁalhﬁcle&ih@%% ¥Rcéfaroutd'@e reyer | aps a

portion the tape oufer surface 26", ereby sealing the unit wap 20
W t hi n tfee ddapeardf4.of A preiselacted nufba: of bhindehenitniir Tisuofeaadbjaplget 46f t he t ape

24' may 1 ncl ude oppos, exposed ortions 42!, 44'ing¢ludi ng an adhesi ve so
t hat o%ecqnmf?% ﬁlél‘i%glé!dl‘?g%é’éc o P IQB]_E-? CQQCCt%VyB% “éF:hfqg‘?(%gayF‘g PHE"ERBeri or
surface gl &tlind Ao milbARsABw! dmdAES bicathiode (LIOR) WRNyviRARRIopld L he - T ol |

surface remai ns posed on the exterior of the unit 12. [0050]

Ref er r i n@V©wlhme kdtés8ant holettntene(ERRE), linamkew déﬁsii_yquby@a}cﬁd_:h%ﬂ_bﬂ?&)l he foil

e O R e Rhenh oo oS e S IR bl RSB

di el ect r Lo 1L AY flopyleRCtEd) MednpEistic SRBKeR (T¥8) or polyurethane. There also may
be an outer shield placed around all of the paired conductors that may include, alone or in
combination with other materials, an aluminum/polyester material, an
aluminum/polypropylene material, and/or a tinned braid or aluminum braid.
[0051] The exact combinations of materials are selected based on the
environmental characteristics (indoor, outdoor, chemical plant, high humidity, temperature
extremes, etc.) and overall flame retardant characteristics (nonplenum general horizontal
cabling, riser, plenum, none, etc.) that a given cable is required to meet for a given
installation.
[0052] For example, a fifty pair cable 50 according to another embodiment of the
invention is shown in FIG. 8. Preferably, the fifty pair cable 50 includes four binder units
12, 12’ within the overall jacket 46. Each binder unit 12 has three quads 14 with four
twisted wire pairs 16a in each quad 14, the additional twisted wire pair 16b, and the filler

18 for a total of thirteen twisted wire pairs 16a, 16b. Each binder unit 12’ has three quads
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any of the followng materials: |ow snoke zero hal ogen (LSOH), polyvinyl
chloride (PVCQ, flane retardant polyethylene (FRPE), linear |ow density
pol yet hyl woe20846DPE) , pol yvi nylidene fluoride (PVDF), etirgirarse2/11838
chlorotrifluoroethylene (ECTFE), fluorinated ethylene-propylene (FEP),

t hernopl astic el astonmer (TPE) or pol yurethane. There also may be an outer
shield placed around all of the paired conductors that may include, alone

or in  cloniithgur éiisidirireopasrl opdt eadhguad 14 forn taid ALY W%@@’mﬁﬁaﬁl al, an
al um nu;?ﬁglm ggfcﬁ?égﬁ%l Ti st?h'&lb s%rto 151* Pt%&“vﬂr Wl%"dmhti’r ai d.

[0051] I’'ons o eri a cted ase ‘on t he

envi r onrwiRinaéke Embb@eht, tHesfify lb'tdf)@dble @sbﬁmraboﬁélﬁmla‘, also pk @biistrubiegh
hum dity, tenperature extrenmes, etc.) and overall flame retardant

char act ém@wlrtgstv\(Ortwnptb'éh@magénmvnﬁ%rﬁF glowtrein Flgabl i ng, riser, plenum

none, t hat a n cab ed t t for

"natal | PP Toosa beEbReB R e cadipdd Uptiip At eSnRedt i Brscgbed

anot her £hodnAeblagid vtqhﬁn tuerbéemtsmvirﬁg ANl shidkd §2 tihe eﬁﬁf&‘:ﬂ@rtﬁé)' y, the
fifty pair cabl e 50 includes four binder units 12, 12' within the overall

j acket 4®mbiactbdunddere 418rand all of Hesbinderawite ladg’. 150 hstre thatipo elegiristled wi r e

16 h th th
PRI or  ngratapt gopgy Brtva wierealabield g U Pbe aatk Efciiihber it 2208, L0 o,
unit 12 anr@ﬁer%f@@ra%lﬁq§for&@d%tﬁ%ﬁ@&&éﬁo'} P ARt incHIsRRd cbit 4/8 tThef our

twisted wre pairs 16a in each quad 14 for a total of twelve twisted wire
pairs Ifitericoreearp Suead ba madFlfisonvehdorphblaterBl, sueh 2a atpoivesteofilm ispifart wi st ed

wire pairs, 16 16b | t. he.fift bl
fescr | b bEULY B A0 oRpis BaCEIRatPhealasy Byl FEg e a4t bashel | o oar
bi nde t h

i ndor rbibt s opBH oM if heltui adlof A e D o Bt e

Wit hin tthpdébtape gﬁpshmulahgotamaﬂyexaad:d cophicebatwbéh thhaveraHshiebd 8% andge

nbi ned  boynd 48 and f.th 12' T t hat
no el ectsiRRP2o rbgae? Gt bbb iaABe AT 80 BAKERT oM Do R (he

tape 24 ngag%aq?alph Qﬁtﬁcg}%’enﬁ%ce 1scﬁﬁloﬂlﬂf%5ch°&ﬁ&’er%ﬁgz542" s formed about

the exteri |ne ound core 48. outer core wrap 54 can be
rrade of [00514aent| onAh ovmaleslhalldsiralami'e i(sm@lqwﬂ yﬁmaen tHei duterssiord Weap 54t 0 t he
‘unit wap 2 her._ mat eri 0O wil]l be subject to.flex

over tiragd theme‘éﬁl #ﬂ?ldéﬁe N@&B%h ?hﬁ 19%%%6@%@“%?“ SBQWS HIPRY SRR HIE 292 12"
Wt hout trt)pgac?l%r?c{er Gt €2, 127, it will be appreciated that the cable 50 may include only the

overall shield drain wire 56, thereby eliminating the need for unit drain wire 25 for each
binder unit 12, 12’. In one embodiment, the overall shield 52 is a conventionally available
foil shield. In another embodiment, the overall shield 52 is a braided shield of the type
conventionally known. However, in the preferred embodiment, the overall shield 52 is
comprised of a combination foil and braid to provide the greatest amount of shielding.
Finally, the overall jacket or sheath 46 is applied over the entire length of the cable 50.
[0055] Because the overall shield 52 is isolated from the unit shields 24, the overall
shield 52 may be terminated to ground independently of the individual unit shields 24,
thereby protecting the inner binder units 12 from outside interference, for example, from
other adjacent cables. Moreover, the overall shield 52 is preferably applied with the foil
side in facing contact with the outer surface of the outer core wrap 54. This arrangement
allows the foil to be folded back over the jacket 46 and terminated using a simple

grounding clamp, rather than by grounding the drain wire as is currently the practice. By
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wrap 54, tape gaps woul d potentially cause contact between the overal
shield 52 and the shield 22 of each binder unit 12 over tinme as the cable
50 is fl ewed2/084s05, the outer core wap 54 is an added pPETAISN2/ 01338 O
enhance isol ati on of each binder unit 12, 12'. [0054] An overall shield
drain wire 56 is placed between the outer core wap 54 and the overal
shield 52. Although the illustrated enbaodi nent shows a uEit drain wire 25

for eaclslapaping thenyerallshield 32 instead gf the dsn apter e e REEICTPAREIS bl e 50 may

i ncl ude onl e overall shi i r ) | i t he
nood 1 oFnted B G Ridin e s BOCIHR, W Easfy anleiih GRY i ML

enmbodi Mg thd 19 VSikdlatly Shé fliDsusfcé S0 af eyt fiet edigl thiye 24/ appliztilte eachoi |
shield. In another enbodi nent, the overall shield 52 is a braided shield of

the typdindsonuienioseppiaiedifroomihe trisirdipairs 10rbyitheunit wrap 2Q dlswabVRRR0 t he

over al | ield .52 1s ..c rised of .a _conbi i Ll il rovi de
the gr eé’?tggstt S RERRS Bﬁlsgﬁﬁéﬁ %‘F g‘a{SIedﬁa?r{ﬁ%F?f?&éﬂﬁg%S{/@F g?‘?%%%?to’ gl%%g ﬁeat h 46
i's appl ip?éi{eﬁtﬁgg sHdM8 B Bichal9odsaR@ubh Bintble i BleltRistdd paid iDQHAJorBecause the

overall "shield 52 is isolated fromthe unit shields 24, the overall shield

52 may §80%6@r mi natlgkle the oyenallshielhafe pecideinddrynisfshiekb23 may bp &aainaied ¢ shi el ds

24, thereb rot ecting,the jinner. binde nits.12. fr.om ouf Si. .
i nterf eﬁ%‘%’é’?&) Vt%ﬁ%gﬁl’é?er?l?mo"’é{? _ m%&ﬁ%%ﬁlmﬁgﬂig&m_ Ofﬂelgcgeer r ,mtft he
overal | cﬁ%‘sﬁ:hﬁxﬁﬁin‘ the BIbRS. e 3t YbRRIe! d? thaotitrdeRBgd Abk arrfhgendntl dnBcd Ng

contact wt e outer surface of the outer core wap 54. This arrangenent
al 'ows thieirhaliamdunt bishicdd 82 dedsHzkrempred fan¢errandtion. f6pradce, ethen@at ed using a

cur T ont iPHIRS O PR E stagfib Siasepadp Oapaoper sty panaet ikiping ©he
overal | éﬁ%in@iaﬂersl%a% Bﬁﬁcﬁl@ﬂ%%ﬁlg 2%@%&&& 'ﬁpﬁﬁbf)ﬁat?@:siz%l? intledifRnidQm, SrikOCe | S

enhance ecause the" drai is not ablé to act as an antenna and

draw i ntvatp etapdrizd, arourtdahe bigsidabf eachSiindelr anit 2. Howeber, b short leagth, 80thsf t he
foil free_edge tape 24 applied to_each . bi.nder it,12 is separated from
the twi ¥Féd Ogéw%o theeegpchenert iy 'Pméﬁfalﬁntz‘é?ef*rﬁ‘é’oﬁ ¥ WHE@S’E OEF?CZ’reéﬁt he
benefit i L t M j faerd e efigd b dur f ace 30,
t her eby%fﬁee@gg%ﬁa@hﬁ?sf&%éé?gﬂg’ueg?b‘{ %ﬁ%r}?ﬁf%ﬁ hdpianhol es ei % the tw sted
pai r i nsubainidas teri@iHia] uskrigkegrohrding etaaip ordlyickdnpib@a cemwhtdyiomeethe aeld, shi el d

22 may be term nated independently to ground, thereb royvi ding protection
agai nst %ifﬂbeéﬁanmlﬁ’ta SPCPIIE)F‘PTH’@?tOHﬁ'iOPndCFB‘%MT%WWF‘%%P%Y%%%’E?‘E In fact,
because glihdifie bPiHe bl B EHRGaDADE oAE ERMIRITRALhe Oldoffihe BlebitthveaiBHNt - Of

shield nee e renoved rtermnation. In practice, en an
retains its intended dimensional shape. The twisted pairs within the unit may then be

connected conventionally to either a termination point, such as a punch-down block, or to
the 50-pin connector. In either case, only a minimal amount of each twisted pair is exposed
outside of the shield. Because the twisted pairs are surrounded by the unit wrap 20, the
shield 22 is isolated from the twisted pairs 10, minimizing the impedance mismaich
between the minimally exposed end portions of each twisted pair 10 and the unexposed
portions of the twisted pairs. Finally, application of the outermost shrink wrap tube over
the shield 22 stabilizes the binder unit, preventing distortion of the binder unit 12 under
flex or torsional forces.

[0057] Alternatively, the foil free edge tape 24 may face outwardly, instead of
inwardly as described above. In this embodiment, a single drain wire 56 is required for the

multiple binder units 12, instead of a drain wire 56 for each binder unit 12 as described
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installer or end user is attaching the cable to various contact points,
including to ground, the installer may optionally apply a separate
appropri awvelog/osiczed tube of a known, shrink- wap materi alPcTarsouns3g he
out si de of each binder unit 12. However, a short length, on the order of
two to three inches, of the binder unit is left exposed by the installer on

each end. of he b|n nit. 12. Thef0|l free ed t.a 24 is then
stri ppedPB¥ck P‘HeYﬁﬁet 86"‘@@‘“8? betjeeen cagebimdey ynd Q@%{%ﬁpg@%ﬁsﬁgf r oundi ng

cl amp_OfinGta&h ARIDA SrRRRNRS R Rholt a4, as for exanpl e, a 50- pin
connector ground. The s r|n wrap tube prevents further unwi nding of the
foil free0s8ige tapesiddtheanble SOsnummactired adcoedinatul the pfes¢ttenyemesrnt i nvention
retains its intended di nensional shaﬁr The twi sted pairs within the unit

may t herfepRiate it seaisetmAY be prayifed thropgh eachipd thebipdsr wnifs bassd UpeR i, such
as a pu rf? e g?ét?lﬁﬁ within \;1?101& ttﬁlaz o?g{al?é NA QDGR one i) d@f #xﬁ@xﬁaﬁ ﬁﬁ ﬁsedonI y a

m ni mal each S exposed dutS|

Because ats Ae‘séndl sinegl whie ais acﬁﬁ@nsbllﬁlﬂéltmﬂﬁﬂajﬂbfe ﬂé&%nut&dtthel\ﬁa&ﬁ@’ urifae Bys h| eld
22 is isolated fromthe twisted pairs 10, nminimzing the inpedance m snatch
bet ween sepasatingsead| andeKessived TwrsdopvPatepnsbiBferamih, r@th%fthéa Sﬁ%ﬁly baigieshd t he

out of moat iR P R od Yl FocRfoBRtR iy DBl 1R LERHLRRGT (1% i1

pr event iipgsilissioardidcaite®f the binder unit 12 under flex or torsional

forces. 50057] Alternatively, the foil free edge tape 24 @y face
out war dI§959Inst eadReferring marrrtaFJCEs Ganchl bewp bingiad paineablei & ashpidinetent, a

single drain wire.56.is. required.for t 2, i nstead
ot "3 Gr dehidheds'oBdplisheng BERELIERbR I diftTass ket HBSIRE bR g o) 05
PCT/ USO 2481t %88nciafaMBur binde \fits 12, hemilsabaid Bindkemnaehesahn Picder unit 12
may be | ost because of the i ncreased el ectri cal conductivity between each

bi nder JA0G0]112. [ OAEBAst tdsh ngPKhel Icedshdimlpr poin df iceonsiserted eotedfilpdt o t he

present inventi ser i ces OVId rough each
b “the. bAoA e SBRR 5 s B e e e TR o b it it hey
oper at e.cofltifidduhd 8bi 48008 aﬁ'o@@%rbﬂcﬁ’érhn{f@m beo bk thabndeleGifiodl’ unit,

whi l e an adj acent binder unit nmay be designated the "receive" units. By

S epar at iingratiemdécuambetWeartbe vedrall shicld Bhandsbe sideld 2dial ¢eeh binfleramitr I3k her t han
nply between tw st irs t hi sin uni cal.crogstalk is
it 2B Ovighen i 5 ndpuiiaboul 1 sSielhfe fiobises BEtha ShE28 kg

conventionally available methods and materials, such as a polyester film similar to the unit

wrap 20, or other materials. Similar to the cables 10 and 50, the cable 60 will be subject to
flex over time, which may open gaps in the tape 24 of each binder unit 12. Without the
outer core wrap 54, tape gaps would potentially cause contact between the overall shield 52
and the shield 22 of each binder unit 12 over time as the cable 60 is flexed. Thus, the outer
core wrap 54 is an added precaution to enhance isolation of each binder unit 12.

[0061] Similar to the cable 50, the overall shield drain wire 56 is placed between
the outer core wrap 54 and the overall shield 52. Although the illustrated embodiment
shows a unit drain wire 25 for each binder unit 12, it will be appreciated that the cable 60
may include only the overall shield drain wire 56, thereby eliminating the need for unit
drain wire 25 for each binder unit 12. In one embodiment, the overall shield 52 is a
conventionally available foil shield. In another embodiment, the overall shield 52 is a
braided shield of the type conventionally known. However, in the preferred embodiment,

the overall shield 52 is comprised of a combination foil and braid to provide the greatest
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[ 0059] Referring nowto FIGS. 10 and 11 a one hundred pair cable 60
according to yet another enbodinent of the invention is disclosed.

Pr ef er ablwop otlogisahre hundred pair cable 60 includes four pcmdso2/ussgs 12,
simlar to the binder unit 12 showmn in FIG 1. [0060] As best seen in FIG
11, each binder unit 12 is constructed as described above, and is placed

w thin the cabl e.60 haying the overal]l shiel .that encircles. the
conbi ned‘nl?bl%ﬂtl si’beﬁgmﬁ8iéﬁ’ﬁ y’a‘i{’lff O%qrgl; ng(%ioﬁa%ﬁgh%?zlssap@ffc%ﬂg}'?se & that no
el ectri ggloth bftngleasikicpn occurs between the overall shield 52 and the shield

24 of each- binder unit 12, the outer core wap 54 is forned about the
ext eri 0f0862]t he cohbdasedbdiabode, caableddtius iwigtingftlterend a shaked yheattnis| abl e

met hods and materials, such as a polyester filmsimlar. to the unit wap
20, o doMiEd Wik BF% S BOIAFHEF HRLh BN o YBE Sl St HEEABIE 60 i)
be subj g)n gL %Zacid%ﬁfhg}f@& rhg%nd@?hﬁil?s ey ifeRiR Sa?l%ﬁﬁtibﬂaltt%té@\pﬁ? gﬂir of each

bi nder It out t outer core wap , tape gaps wou
pot ent i ahtiyclivgusillaoitaetc tnibstbaerdby henbweaphnd ahidgk dreb Zoil tapd. Bhenishi el d 22

of each binder unit 12 over tinme as the cable 60 js_flexed. Thus, the outer
core wr &f5inAViresmay be pofdipnse Betieen 3?? Yt ‘@Wﬁé‘ﬁg thg ‘?IﬁF Sep g‘ﬂ?ﬁ‘l’e'eg@r?uﬁ‘ir nder

unit 12.. i GRAOL B :he overall shield drain wire 56
is pl acé%ékggﬁ\gkhg%h%hlggegﬁ%eé&g%re vv(rgggggﬁﬁlgéhd the overall shield 52.

Al t hough0e683 i | | usAitiadugtl teitiogiamihdmbaiunests af theiitvedtion arevdeseiti?d fooa each

bi nder unit 12, it will be appreciated that the cable 60, may. ipclude only
t he overcable hexingladowt af twepiyrieves §ity pd e undrediivisied waremRisARHL Por uni t

dr ai , ¢ : Ly . Ll

s el d SoieEchaRE PR oty 18 pBRPeL IR AP plre phist rBiRH

enbodi meRd cabld1gndoer @k invehiicl chinHe practided hitdiade desited @auohbef oft theéstey pire
conventional |y known. However, in the preferred enbodiment, the overall
shi el d i §niitsaeniysespetial sopwinints ard enmvewpncea smpady.dt WHl bs prerdatete

oeat et o, 0. AR OR T RRAMEH P 0 S ot L, L1

overal | app I're engt e cable

60. [ 006GAk 10 titeimoedtRtaR BOBRCt Cedowmiith @n(})/‘dldsﬁecamﬁmbéi'tdf pgistdd wies paindna shar ed
sheath is formed with one or nore binder units, each binder unit having at
| east f aeh binidet wit. Har exampplerasbinger vaiidnay @Hy inshisle o BistediViRIBASani t s may

i ncl ude ditional tw.sted wre .pair nci r €l i a filler. Each unit is
bound b)fgtgeﬁg‘?? %?/Wé?flséﬁﬁldv léwaéﬁdlé ﬂ?erlggstf%?qeerﬁ%oggm&ﬁgunit drain wire may be
posi ti onggsdlet weemyhig thénhtenioR Rasihsdn tsperifeitly deseded @i borindfifon With out er

certain specific embodiments thereof, it is to be understood that this is by way of

illustration and not of limitation, and the scope of the appended claims should be construed

as broadly as the prior art will permit.
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j acket or sheath encloses the one or nore binder units. [0063] Although the
illustrated enbodi nents of the invention are described for a cable having
a total oWotwesdeysfive, fifty and one hundred tw sted w recpaisoziissg w | |
be appreciated that the invention is not limted by the nunber of tw sted
wire pairs formng the cable and that the invention can be practiced with
any desired nunber of twisted wire (Fal rs limted only by spati al
constraints and conveni ence. Sinilat%™St will be appreciated that the
invention is wWak: kic-Hikedisoy the nurrber of the twisted wire pairs in each
bi nder unit, and that the invention can be practiced with any desired
nunber of twsted wire pairs in each binder unit. For exanple, a binder
unit may onl yl.i ncl Adebleyoniprisgiged wi re pairs, rather than four twisted

th |1 d enbadi. t..[0064]. ile the | ti h
been boeei {1 cal |y HREERIGENTBRCI RATT Ghittyereh vindst ot cobpasia | " oS
enbodi ;T?t)ﬁl%hfftﬁf &ﬁﬂ'g of béndhéto%s%uﬁ%uhﬁlﬂg A% g%a‘imtcoﬁ@c@orh §n<9¥ch¥i@3é léﬁ th

illust I on~an t of limtation, he scope of the appended clalms
shoul d b fillenstatarsd alastxbnapauiirqumimgdmi plnrahlty aﬁpamflcbnqutmsisald mﬁgltfl\o

02/ 084675 UsS02/ 118 AIMS What is .clai
Compr i SiFHF o PREeP abd 51 FIALBReRA BRI aheIosing S Uit
conprising a pl Ura"‘jabﬁe)( P‘té%&éiﬁ{ﬁﬁé%gjlq P{%rgé%{egrﬁnﬁjéf ORGSR S ngI e pair of

conductors encircling a ler materital, a unit wap surroundi ng
said plurality of pair of conductors, said single pair of conductors and
said filler rfat eriHbe cahledf&lahi blwheesio lsaidishigldeintprises & foit fips edgedape. | acket

pl aced around said pre-sel ected nunmber of binder units. 2. The cable of

Caima1l, wher id rises a foi e ed cabl e
of Claim 2, er e| es‘?fﬂ} ff&q‘?lmf SHhe éﬂﬂéa@gﬁlﬁ% CgCOéIlIPI?SICE?%Ir%J%YIﬁr of
conduci Vg chfilc; AiIBnI85eRAd HAXE S fin- é&ﬂu@%&t@héﬂ%ué@&ﬁf {yidth S¥6d1d iRt
width of said first layer is’smaller than a wdth of said second | ayer. 4.

The cablleyenis Ghalanti®n avwidtheofrsailsedorfdayerf r ee edge tape is applied with said
first layer oriented inwardly. 5. The cable of Caim4, wherein each binder

unit further 4 ncl ufjh able! or%lCIlalm 33[ wrllerem said foil free edge tape is applied with said

first layer oriented inwardly.

5. The cable of Claim 4, wherein each binder unit further includes a unit drain

wire is interposed between said unit wrap and said foil free edge tape.

6. The cable of Claim 1, wherein said plurality of pairs of conductors

comprises six quads.

7. The cable of Claim 1, wherein said core shield comprises a foil having a

non-conductive backing.

8. The cable of Claim 7, wherein said core shield is arranged with said foil

oriented inwardly.
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wire is interposed between said unit wap and said foil free edge tape. 6.
The cable of daiml1, wherein said plurality of pairs of conductors

conpri sesweiog/ogusatls. 7. The cable of Caim1l, wherein sai ¢crarsez/stssel d
conprises a foil having a non-conductive backing. 8. The cable of Caim?7,
wherein said core shield is arranged with said foil oriented inwardly. -17
WO 02/ 084675 PCT/ US02/11838 9. A tel ecommuni cations cable, conprising: a
presel ect ed QunberA éﬁleogmwmwaaﬁn&%abl%aewpﬁﬁlﬁaer unit conprising a
predeterm ned plurality of twisted wire pairs surrounding a single pair of
conductors encir I ity of

tw sted wire pai r?%g&lle%géggﬁgg/b 58%}?11?&& s %Elggil ggpu%lﬁttadoq\j\ﬁnrg%mfgaért hgr

encl osegrdétermim@id plitalisy EdgBtcdapies pmesmmonndaag h sniglegmir afitiohdicgorar r anged t o
forma core encl osed béﬂa core wap and . a _core shield such that a.core
drai n wiepeirgling alength 68 eﬂi@%%@ns%‘épﬂlﬁéﬁy ef (prisfisd A neys gndpsed|ty 2 vy g

shield ey r| Si nrﬁ@g%p%ﬁbﬁlé}mﬁélg&dabyca gtﬁté;e :glgc g a non-conducti ve sur f ace.

10. The "¢ab1%%'% eérein’sai d con I've surface of said shield is

i nwar dl y orl eiticeéln eddh bidtke varhkd grafget@ionn, corbencdisad bpiatofeowtapfande edge
tape conprises a first layer of conducive foil and a second Iager of
non- condaea shicdd geghethpt cosgdiain Wise isinterppsed betsean said gpre Wrgp @pd paid shigldy o

]E gﬁn ? r \ggl ésgbeié fczrg!grcllqnslg g%}ﬂa 12y gvﬁ[ ?cﬁl%laqu }B%fi%%% ﬁo(ﬂziuc(Ev@'smf&Je’ wherei n said

irs ayer orlented inwardly.
13. The cable of Caim9, wherein said plurality of twsted wire pairs

conprises twenty-Thewrblew! €ll&th WiwlerdiRkid codductiVhsurtabbé sail skikhiin 9,
wherein said core shield conprises a foil having a non-conductive backing.
15. The isa#dly efen@®@dai m 14, wherein said core shield is arranged with said
foil oriented inwardly. -18

11.  The cable of Claim 9, wherein said foil free edge tape comprises a first layer
of conducive foil and a second layer of non-conductive material such that width of said first

layer is smaller than a width of said second layer.

12.  The cable of Claim 11, wherein said foil free edge tape is applied with said

first layer oriented inwardly.

13.  The cable of Claim 9, wherein said plurality of twisted wire pairs comprises

twenty-five twisted wire pairs.

14. The cable of Claim 9, wherein said core shield comprises a foil having a

non-conductive backing.

15.  The cable of Claim 14, wherein said core shield is arranged with said foil

oriented inwardly.
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WO 02/ 084675 PCT/ USO02/ 11838 16. A nethod for manufacturing a cabl e,
conprising the steps of : pre-selecting a nunber of tw sted paired

conduct orwotoe/oksnsll e as a binder wunit, each binder unit ipaciusd/ng3@an even
nunber of tw sted paired conductors and an additional tw sted pair of
conductors encircling a filler material to make a total nunmber of tw sted
paired conduciﬁ?rs n Otgd Punber' ncl osiﬁ sai d.bi nder_uni % in a binder
core wap; entfosi %gmg P fgimagufac A %" FRPPOsE e S5 £5° f or m a shi el ded
bi nder unit; pre-selecting a nunber of binder units to enclose with an
overal | core wrap; reaé%%c%%ﬁ’ﬁhﬁgersﬁ'tﬁis%@ﬁaﬂeﬁ cE6RARIOM Ributididasarbiader al |
shield. 17. The mephod of aim 16, further conprising the step of

sur r oundimig eseli bindembiiineluding an euerkeumbeatof twisted prged nelugtorhwnd asf C ai m 16,

wherei n saj.d eyen. nunber .of isted.paire conductors.co | ses,. six quads.
19. The ﬁ‘gi“ﬁ‘ﬁﬁl\{ WIS@HQ%OfS?n‘{Hﬁ%F%‘?I}?Hgg?%a g‘”%’?]ate% ln?a%%fqg a} o b?rro)ée edge
tape ha{({ziﬁ‘tgdgaifrédé&ndhét)éf‘sranQTdd%ﬁﬂiéﬁi ve foil and a second | ayer of
non-conductive nmaterial such that width of said first layer is smaller

than a width of saknclesupsaid biagerunitdf.a biinder petehvodpiof C ai m 19, furt her
conprising the step qf applyjng said foil. free edge tape t.0.enclose, said
bi nder core wrap W?‘ﬂ°§%é)§al‘$/€’1pg?r qOL5, Wrapoyity ﬁﬁlﬂell‘dcff’l%li“} %Ehlglglaggmtﬁglblémt’

oriented inwardly. pfe]—-&lecting a number of binder units to enclose with an overall core wrap;

and

wrapping said overall core wrap with an overall shield.

17.  The method of Claim 16, further comprising the step of surrounding said

cable with a jacket material.

18. The method of Claim 16, wherein said even number of twisted paired

conductors comprises six quads.

19.  The method of Claim 16, wherein said shield comprises a foil free edge tape
having a first layer of conducive foil and a second layer of non-conductive material such

that width of said first layer is smaller than a width of said second layer.

20.  The method of Claim 19, further comprising the step of applying sa}id foil
free edge tape to enclose said binder core wrap with said first layer of said foil free edge

tape oriented inwardly.
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