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5The present disclosure relates generally to shielded electrical cables for
t he transwDesioonswit el ectrical signals. In particul ar, POe/USL@ESABRIZ9
invention relates to shielded electrical cables that can be mass-termn nated
and provide high speed electrical properties. BACKGROUND El ectrical cables
for transm ssion of electrical signals are well known. One 10comon type of
el ectrical cable is a coaxial cable. Coaxial cables generally include an

el ectrically conductive wire surrounded by an insulator. The wire and

i nsul ator are surrounded byHREEEDE® BLE&IRIL WARI.Ei nsul ator, and shield
are surrounded by a jacket. Another common type of electrical cable is a
shi el ded el ectrical cable conpr THGCHNMGALKIETM e i nsul at ed si gnha

conductors surrounded a shielding | ayer for , for e | e, by 15a

metal foil. TR drSure a_rtﬁsc%ﬂ%e@ﬁ_giﬁ%éwlegg glﬁctflﬁ%l <hieerarthy | ayer, a
further upmkAsioREdIERRAVGERS. 1P pSAtRES, rBlAVindeti REEMRE Mo bielashi el di ng
| ayer and the i1nsulation of the signal conductor or conductors. Both these

common t yghestricd callecthati albe ozdsb-tcrmarated dng prevdé hightshecdudectindal pppeiticscal |y
desi gned connectors for termnation and arc often not suitable for the use

of mass-term nation techniques, | §> ;.qul t aneous connection of a 20
plurality of conductors to indivi%ggPié'ﬁygﬁﬁudenents, such as, e.g.

el ectrical corflagtisal @hiblanfel@etrhissiah of OBEEIEAIGIgnals £OREAGhowh 6DENt S Oon a
printed circuit board. Although electrical cables have been devel oped to
faclQ it atcommesypaaselc¢taeHicableiivn ceaxed spljadsoaxigh sslecegmcmdlydnglede Have

limtatia : kL1 t - in.t.he -abili to prepare
thei 1t eriri A AREL Wil R BBRREARATEGILOE The WhelalR iffhdonake 10 0
per f or managoutdediyevshodld,tand tbSatvanagarentsd shicldiaghsispeadedbesjacketal and

el ectroni ¢ conponents, a ganti.nuyi ng need .exists for e]ectrical cables that
iged doctriglich

arc capabfMORF COPERREPE Py cHiiie caedtr ¥ octfigdlicAPIC SPEPHASE OPBPH nat i on
t echini QUeSorcahQIAOPLiER] LERhIcKRs \RRANGAMLDR hiSRthd 1y@ e RHUTRSpIOhy
SUMVARY 30 t, t nt [

appl i cations. I'n one aspect, e pres I nvention provides a
shi &f ded aahetat foilc @b faalithe dlevtdiaaticomgeaiaorfdbe sloeldsetlaymoh funbhegenasalated

parallel C%Imh?c!t(()jri is gor];lietlirggs 191’&)%%8(? ggtw%gl? Hl%dsh}e?(ﬁng aggrugntdotfle 1Sneé‘{[11'ation of the

signal conductor or conductors. Both these common types of electrical cable normally
require the use of specifically designed connectors for termination and are often not
suitable for the use of mass-termination techniques, i.¢., the simultancous connection of a

20 plurality of conductors to individual contact elements, such as, e.g., electrical contacts of
an electrical connector or contact elements on a printed circuit board. Although electrical
cables have been developed to facilitate these mass-termination techniques, these cables
often have limitations in the ability to mass-produce them, in the ability to prepare their
termination ends, in their flexibility, and in their electrical performance. In view of the

25 advancements in high speed electrical and electronic components, a continuing need exists
for electrical cables that are capable of transmitting high speed signals, facilitate mass-
termination techniques, are cost-effective, and can be used in a large number of

applications.

SUMMARY
30 In one aspect, the present invention provides a shielded electrical cable including a

conductor set and two generally parallel shielding films disposed around the conductor set.



WO 2010/ 148164PCT/ US2010/ 038939 The conductor set includes one or nore
substantially parallel |ongitudinal insulated conductors. The shiel ding
films i ncwodelva4pmral | el portion wherein the shiel di ng PCras2@0838939
substantially parallel. The parallel portion is configured to electrically
i sol ate the conductor set. 5in another aspect, the present invention
provides a shielded electrical cable including at |east two sggced apart

conduct orTheeogdyteraslimglugenercer more substaitiay eangllaldengivdinahinsylatedr al | y
paral | el th?ét(qjs nﬂleféh éﬁmg'ﬁrﬂ ﬁl% R, %Paﬁlei gﬁt %‘éf;etlrﬁ) he ﬁfe? 1n§ﬁ QndUCt or

set includes one or nore aII I'ong | |na ated
conduct orsabstdiitells paeilidi. ﬁ@efpaﬂaﬁsl pdﬂﬁémdeoﬁﬁglﬁécatd ﬁbctpmﬂynmiamhlear ein the
shielding filnms are substantially 10parallel. The parallel portionis
confi gur @Skt rical Iy isol ate adjacent conductor sets from each ot her.

in apother as Flﬁ%hoth%ﬂ”'@sg@ét%@B%esbﬂ{‘{ﬁv%'tl‘élﬂ Rfv‘?d’ésqﬁﬁle?deg@l&'t&%ﬁcﬁl@m rical

cabl e i ncluding at one | ongi tud |na ground conductor, an el ectrical
articl e entleddinglehst tyalbpicadbpat togndubter sammdlgeégbmawﬂ}am a feglgpbondnd

conductor, and t e al lel 15shiel ding filns sed .around the
around caiaaeraraRdalReni el FlgriSheer arund fir Dngesidrecls PR ORESHr esent
I nvent i onePmeNideEsnctorahbre saisthneh B¢ badaaal IO?Mdﬁlai HehMedRendyors PRfed apart
substantlallg paral | el |ongitudinal ground conductors, an electrical

1

article pbsi n@ﬁérds m@tude@rpamhldl Eo(t@mmhn@m the shilgktingfiinzs grg sulistansalie
direction_ a o nducto par.al Shl Id|ng
T RE of doBlel 15 A nER0E e B NG e B BB Bt BRL bl e, el

The abovefr(&uamr(yth@f the present invention is not intended to describe each
di scl osed enbodi nent or every inplenentation of the present invention. The
Fi gures and ddpanptagr %ﬁ@@‘éfﬁhﬁﬁ’rf‘éﬁmtlﬁ‘éﬁtnﬁ%P¥W%élsbwl4?§ﬁéﬁcﬁaqa Fablg ar |y

exenpl | T%nélhhl‘ﬂg%{ f%ﬁ%t\éﬁe ?mﬂg&ﬂﬁlréﬁu%digﬁpﬁpﬁgr QE%RIJF %}Ic xtEhinPRAV NGS

Fig. spective viFew o ary e a shrel ded
el ect r [ caslubsmrhiaﬁyamﬂmh diggction anthagpent] cohdudea, mcbtmﬂgenenaug phitatiol

F|g ront crgss-sectional, views of five other exenplary
ls)%. éeknggf%ihélP%é agquad the grg ndc%?&ﬁéctaﬁm%ﬁ ﬁlﬁcwala%éet s of the

pr esent | nventlh%ﬁothé%bect e ;p&s@ntgﬁveiﬁﬁﬁ}éfd(@de‘é'a%ﬂﬁeﬂfedtemtr%&! elued
el ectrical cables of Fig. erm nat ed a printed circuit board.

including two spaced apart substantlally parallel longitudinal ground conductors, an
electrical article positioned between and extending in substantially the same direction as
the ground conductors, and two generally parallel shielding films disposed around the
20 ground conductors and the electrical article.
The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures and
detailed description that follow below more particularly exemplify illustrative

embodiments.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of an exemplary embodiment of a shielded electrical
cable according to an aspect of the present invention.
Figs. 2a-2¢ are front cross-sectional views of five other exemplary embodiments of
a shielded electrical cable according to aspects of the present invention.
30 Fig. 3 is a perspective view of two shielded electrical cables of Fig. 1 terminated to

a printed circuit board.



WO 2010/ 148164PCT/ US2010/ 038939 Figs. 4a-4d are top views of an
exenpl ary term nati on process of a shielded electrical cable according to
an aspectwofoto@swresent i nvention. Fig. 5 is a t@pTxiSesoodssanot her
exenpl ary enbodi rent of a shielded electrical cable according to an aspect
of the present invention. 5Fig. 6 is a top view of another exenplary
enbodi nent of a shielded dectrical cable according to an aspect of the
present i nventliigh4a-4d are topjvieys gfznmgemplary tre@ﬁtna@pw@%@cqfiaéﬁwldedi ews of

f our Oth%ﬂﬂﬁﬁﬁﬁﬁéﬁ%X“%ﬁﬂﬁgkﬂﬁﬂ%ﬁﬂQ%fﬁfﬁg%§h§59§§kﬁctriCa' cabl e according

to aspects o resent~ 1 nvention. are front cross-sectiona
vi ews of thredigthrr texeitpl arapothiebediniptaty snibddiment shia shididdd eleeical ble cabl e
according to aspects of Hgﬁ present invention. Figs. 9a-9b are top
and part i%6F9TINerte 48 agncet PIGRAPT ST MVPHEhs, respectively, of an exenpl ary

enbogi ment of fq%_ Fis8GbP VA SRS é%n@ﬁ??reﬂib%aidrﬁ&t 8fa @1%19@1%'1: iefgeémtc?lecaereesent

invention termnpated to a printed cir boar d. s. 10a-10e and
10f - | Qg accordmgspes hispeet afittic prosertt itveoisn.sect i onal vi ews, 15respectively,

illustrating exenpl ary met hod of ki n shi el ded el ectri.cgl cable
according to AnEhe Pt oIOPIEEOBrERENE VRVSAL [ el geempary eqbpfimGie 1 ont
Cr oss- secdflaQRRldodi Bridal babid E@bldifl @ A bf B8 pRReRXSrmlisRYy met hod of
maki ng a shi el ded el ectrical cable accordlng to an aspect of the present

i nvention. 20Higs 8a-Bpard Rontaressacétrannt vievs esthsescathervabmplaspnewbodimentier

exeppl ar yof%gﬁ?e?(ieﬁg%%r%al gab?eh 5&:'09({':1;19% tg)lsagg%céﬁi {)ifgtilaé{aeg%n} e 1{)1(1:1.i ng to an aspect

of e pres ion"and a cor vView, respectively.

Fi gs. 13a-13b mEge ohobnike ©HQad patially 0Rab-sddtensl fednt bW sptRpdctioygdt ar y
enbodi ments of a shielded electrical cable according to an_aspect of the
present i¥g@ptarypmbodmensof appleciugsl aysemplyciseordingste 28 dsnachabihc Ve of two

other exqpl @by {SHRRALIBY printed circuit board.

Figs. 10a-10e¢ and 10f-10g are perspective and front cross-sectional views,

15 respectively, illustrating an exemplary method of making a shielded electrical cable
according to an aspect of the present invention.

Figs. 11a-11c are front cross-sectional views illustrating a detail of an exemplary
method of making a shielded electrical cable according to an aspect of the present
invention.

20 Figs. 12a-12b are a front cross-sectional view of another exemplary embodiment of
a shielded electrical cable according to an aspect of the present invention and a
corresponding detail view, respectively.

Figs. 13a-13b are front cross-sectional views of two other exemplary embodiments
of a shielded electrical cable according to an aspect of the present invention.

25 Figs. 14a-14b are front cross-sectional views of two other exemplary embodiments
of a shielded electrical cable according to an aspect of the present invention.

Figs. 15a-15c¢ are front cross-sectional views of three other exemplary
embodiments of a shielded electrical cable according to aspects of the present invention.

Figs. 16a-16g are front cross-sectional detail views illustrating seven exemplary

30 embodiments of a parallel portion of a shielded electrical cable according to aspects of the

present invention.



of a shielded electrical cable according to an aspect of the present

i nventi on. Figs. 15a-15c are front cross-sectional views of three

ot her exewpl2aryi4grwbodi nents of a shiel ded el ectrical calpCe/useconsdny t o
aspects of the present invention. Figs. 16a-16g are front cross-sectional
detail views illustrating seven exenplary 30enbodi nents of a parall el
portion of a shielded electrical cable according to aspects of the present
i nvention. WHigoldr-148aedmat croseeadiondgpgol views of grioghier exaaplanh are front

s oo i etg%tfghh%}%%i&{ ?P{:‘gﬁ{\ﬁéd Qéﬁﬁgilﬁéyle%%?ﬁhggég% Q%F@ttcﬁgr allel

portion o reld ca e accordi to an a
present ithyprbéminvention. Fig. 18 is a front cross-sectional detail view

of anot her exenpl ary enbodi nent of 5shi el ded el ectrical cable accaording
to an aspect oﬁlg-tﬁelsarfré%ﬁrtOS%-w@ﬁle%@ﬁtaferlwB %not%ﬁ%?raaha%rgbﬂdlmem ofapj g.

19 is a fsﬁ%’éﬁ(jed%ﬁ&ﬁ%c’a? eI Q&Q%di Al acﬁ%c‘%‘eff afe éﬁ&%ﬁﬂﬁ%lﬁ?&]‘ﬁq}%%‘éﬂt embodi ment

of a shiel el ectrical cable according to an aspect of the present

i nvent i orconfiguration. Fi gs. 20a-20f are front cross-sectional detail views
illustrating si.x gt.her. exenpl ary. 1Qe di.nments of a parall el rtion of a
hi ol ded el ctiFcl i G boARE SrUPH) BTakpbet e ehEmpPre SRR RO fon.
Fig. 2la-gididtdal@thdaPBibl€ AQSatiBERE dnOfRPéct bF BWSHr&ent WOeidier exenpl ary
enbodi ments of a shielded electrical cable according to aspects of the

present i nventHigh20a-20f are fronFengss-sertipral degi apdwcitlngizating gix ¢theredxemplary al

i solation_perfornance of. an exenpl a embodi of a.shjelded electrica
canl € aocstaRhEeTEOERe Sud et Rl daBei Ty BeofyffbEMRE FL e

i sol ati oprpenf @vemivae of a conventional electrical cable. DETAI LED

DESCRI PTI ON In the follow ng detail ed description of the preferred

enbodi ment s, ridgetlardb arsirppiqaosocetrnahieyrphye AGcUPEmInEY coRatingim a
part her e, (eI AGEQERAD Xéb@éga&lbfad’?ﬁgg)saspects of the present invention.

Fig. 22 is a graph comparing the electrical isolation performance of an exemplary
15 embodiment of a shielded electrical cable according to an aspect of the present invention

to the electrical isolation performance of a conventional electrical cable.

DETAILED DESCRIPTION
In the following detailed description of the preferred embodiments, reference is
made to the accompanying drawings that form a part hereof. The accompanying drawings

20 show, by way of illustration, specific embodiments in which the invention may be
practiced. It is to be understood that other embodiments may be utilized, and structural or
logical changes may be made without departing from the scope of the present invention.
The following detailed description, therefore, is not to be taken in a limiting sense, and the
scope of the invention is defined by the appended claims.

25 Referring now to the Figures, Fig. 1 illustrates an exemplary embodiment of a
shielded electrical cable according to an aspect of the present invention. Shielded electrical
cable 2 includes a plurality of spaced apart conductor sets 4 arranged generally in a single
plane. Each conductor set includes two substantially parallel longitudinal insulated
conductors 6. Insulated conductors 6 may include insulated signal wires, insulated power

30 wires, or insulated ground wires. Two generally parallel shielding films 8 are disposed
around conductor sets 4. A conformable adhesive layer 10 is disposed between shielding

films 8 and bonds shielding films 8 to each other on both sides of each conductor set 4. In
4



20show, by way of illustration, specific enbodinents in which the invention
may be practiced. It is to be understood that other enbodi nents may be
utilized,wandiegmusisat ural or | ogi cal changes nay be nadeP@irfusou/osspart i ng
fromthe scope of the present invention. The follow ng detailed
description, therefore, is not to be taken in a limting sense, and the
scope of the invention is defined by the appended clains. 25Referring now
to the F@@reeévodﬁl@t cpnilyqtersictsat kaycasubg larcerélmapr@émecepnad sh#icel ded

el ectric 8§Pp Shi el ded
el ectri ca g{%}(ﬁngﬁ I ncfh%giégpgs%ura |%?d8¢toi&gsc£%ﬁ§%§& con {ﬁ%:l or sets 4
ar ranged wefeemablayd mlraalaltln@¢res$§eanmalaaaph Blaindiiging ths@bsd-sectiordd shapao
subst anti al | al | el. | ongi tudi nal | at ed conductors 6. nsul ted

.p
conduct orrgale%wéyﬂ? slestriad chaagiey sty 0§ F ctafsetad asjiniengedin ghe Owi res,
or issul al,66,@6Q8R% WhiSs an Wnﬂ‘%@,?’v%‘oégﬁgﬁﬁa @t%ﬂtﬁ)lnalssjﬂﬁéﬂéél' dM&tfida H§ol§s are

di sposed around conductor sets hesi ve | ayer

di sposed ‘oeravdsposig febmhdmgtl‘fa dhndd 8romnd albondistasetedhdhgey the Envss- &ctlonééac h
ot her on bhoth sj each conductor set 4. In WO

2010/ 148% tb%?ﬁ%@f@@§§39 one enbodi nent, conductor sets 4 have a

substanti al | y g£iotish in@Rrenfiolisert ffistaRalin F@ameeaceeencﬁlm&Isalmﬁclﬁluémcﬁ are
di sposed around conductor sets 4 such as to substantially conformto and

mai nt ai n infwdated eyslusiont 9. @mathesﬁab@dlmlvaﬁsmaah ﬁom@ctdﬁeetc‘&mgs insésicionnal  shape
mai nt ai ns_t he e cteristi.c f LS8l tended in
helthosi grogim St aEt e KIEFBF el o R RorSRROAE Rin Rl Gyt Tl WY
convent i gbad conbib@baets @bzﬁﬁhﬁﬂﬁ@ihﬁﬁa@[r@ﬁla%d&foﬁdﬂlt@l@@% RBovan ﬁpngupt ive shield
around a conduct or  set changes t he cross-sectional shape of the conductor

set . shichfadipdesgical palin @ nEpydaelrdieone qonducer wt &dnglyding gightinsdatedh conduct or
t 4 i h

conduct o chdfigs fhor (8 BhERGAIEGEE Sdadib ot M8l B R IRR TR0

exanpl e, flaxsibgdn efrasgm&}ndmf cehéwttari seal4 arhihalded oaldudiongd dlbaws shiidhdct or

sets_4 each in sul ated c ctors as.shown. in Fi

shi & ded ?Cér&af F%@? 2 g%‘taﬁe eonéﬁ 12 %uﬁél?lager %Elt%iﬁg aeR st ton e?%%@qed. ng ei ght
'nsu'ate%oﬁ&ﬂ%ﬂ%&%“ﬁmﬁhnﬁﬂmﬁ&9&&m@&ﬂ9@ﬁﬁ9%e%@ﬁ§gﬂa§ﬁﬂﬁnh@%hﬂﬁb&g one

i nsul ated conductor 6. This flexibility in arrangenents of conductor sets 4
and i nsultatrediat oabiuateo mulﬁplalcbmi@tczrrsm I4obadh sl deg twociabuletadh cendictons be
configured s or the in & de | icati

bl duct
Sors U il RSl s, BB SR neliths SHE PR Bteg o e

twi naxi alcofdidtéh 6, lor 8 comBiatibPtRr&® N Watcd brbBlitnchtse #ebndudtdr Yeti N@ay Wo
i nsul at ed conductors 6, a mul tiple coaxial cable, i.e., multiple conductor

set 30 eacHuither inelhedye eonsluptheadhaglé thag @lrlmm@td@?posed wpund e ebe prmotminsHatedof | n

ot her enbc%glhuc ors% ardl é:nolrﬁ(sj ngttl\%rj ac rt (not sh(%vn) disposed around the conductive shield.

In the embodiment illustrated in Fig. 1, shielded electrical cable 2 further includes
optional longitudinal ground conductors 12. Ground conductors 12 may include ground
wires or drain wires. Ground conductors 12 are spaced apart from and extend in

25 substantially the same direction as insulated conductors 6. Conductor sets 4 and ground
conductors 12 are arranged generally in a single plane. Shielding films 8 are disposed
around ground conductors 12 and conformable adhesive layer 10 bonds shielding films 8
to each other on both sides of ground conductors 12. Ground conductors 12 may
electrically contact at least one of shielding films 8.

30 Figs. 2a-2¢ illustrate various exemplary embodiments of a shielded electrical cable

according to aspects of the present invention. Figs. 2a-2e¢ are specifically intended to



20further include a conductive shield (not shown) disposed around the one
or nore insulated conductors 6, and an insulative jacket (not shown)

di sposed wpaoard48tee conducti ve shi el d. I n the enbedirmsaeioiodssast r at ed
in Fig. 1, shielded electrical cable 2 further includes optional

| ongi tudi nal ground conductors 12. Gound conductors 12 may include ground
wires or drain wires. G ound conductors 12 are spaced apart from and extend
in 25subgtiasitaiayaripus peanaplpeolrFaEeMeHS aEcandyepE BtPoseshbRiveYY BvashidyiRauct or
sets 4 ang Fground conductors 12 arc arranged generally in a single plane.
Shi el di ng Ims 8 are disposed around ground conductors 12 and conformabl e
adhesi ve | ayerRe]f&nhgm@lﬁlgsha e;hd:ﬂctvg eﬂecltnml BaHI@I(e?amhludedmmngle chodilrt@isdes of

ground co tors 12. cond s. 1 tr| cal | ont act at
Peast  ond Ut letqa.Sﬁfgla‘ dgg a sy Bglglt et 6 bondegon 106 e exenpl ary
enbogi ”Elfgr?ﬁeﬁfl aﬁhél%%‘i’c‘fln%hﬁﬁ“%ﬁje gs?t%%l & ré%hﬂ@ct&r"sg@%@@(}is of the

present vent1 Fi gs 2e are sp I nt ende
2010/ 148 keafearmablS 200 @38939 1D 14 dispasad betwari siusldmgefrtpisdQS ehd homctsngenent s of

conductors. di.s ed t ween | dj ng.filns [r . .24,
b el ded BISUEPREE 105 B oot Poif e eROesamsRor Sh A f Bhlgi el gefial
Conduct orcapRt1 02@drthd?GhUERS optiSnhdl %T%ltll@llﬁgll g @ndLsskl lalQeGr&fﬂHd uctor 106.
Two 5generally parallel shielding | m8 108 are di sposed around conduct or

set 104. candwnidrsrl hdbioespactiexpirs dromayet extarel m§ubﬁtep@§edld3@nweiet¢c§¢n & di ng
fil 108 an sh 0 _ea her both si des of
conict orn 8Bl B ReRf At diotdhett I 8 d GrolRE SRt B2 R MBS pt 1 onal
| ongi t udigeatragy aUAGinglRHIGE Qﬂilélditﬂgzﬁlrr@fl(@@ nge Giopsiue bdsd gﬂczmarcendimﬁed apart
from and extend in substantially t sanme direction as 10i nsul at ed

conduct orl 1284 copfraneklepd lsf‘étVei@@féh%lb@tdéGh@kB’é&ﬁl}%% HiSstopach ather ¢ befhged

| | d
gener a LA B SBLERkne, | S0 sl OBl 9IS L ARBSGRaupg, vound
t 0 each aineef shieldl'n(gt filnssi 1d8sInshilagrl eondlicen@6as effstildly. arf@n gadnid acoadiucéror s 112

lﬁe; ectricall tact at | east one of shielding filnms 108. Insul ated
conttuct orSERBCH 8@??@@W%rranged in a coaxial or 15single ended cable
arrangenent . Refemng% £ g{ Qﬂ%hﬁe@déﬁ' &ecn%&.u ottt bR iRl &b rshl%led %ﬁe@trea?OZ i's
simlar to shielded el ectrical cable 102 illustrated in Fig. 2a. \Were

shi el ded eblecliiRiilbastragdbh €igl @2 Whetcustiesded eéacngiaecaidmm&momdsm sﬂh@l& i ncl udi ng
S0 e saRoud il Rkl s cpniicton 1ot ahLeded o epfjcal cabl e
paral I el ¢lectrical cable 202 includes a single conductor set 204 including two substantially parallel
20 longitudinal insulated conductors 206. Insulated conductors 206 are arranged generally in
a single plane and effectively in a twinaxial or differential pair cable arrangement.
Referring to Fig. 2c¢, shielded electrical cable 302 is similar to shielded electrical
cable 102 illustrated in Fig. 2a. Where shielded electrical cable 102 includes a single
conductor set 104 including a single longitudinal insulated conductor 106, shiclded
25 electrical cable 302 includes a single conductor set 304 including two longitudinal
insulated conductors 306. Insulated conductors 306 are arranged effectively in a twisted
pair cable arrangement, whereby insulated conductors 306 twist around each other in
longitudinal direction.
Referring to Fig. 2d, shielded electrical cable 402 is similar to shielded electrical
30 cable 102 illustrated in Fig. 2a. Where shielded electrical cable 102 includes a single
conductor set 104 including a single longitudinal insulated conductor 106, shiclded

electrical cable 402 includes a single conductor set 404 including four longitudinal

6



20l ongi t udi nal insul ated conductors 206. |nsul ated conductors 206 are
arranged generally in a single plane and effectively in a tw naxial or

di f f er entweal2opai4gi6dabl e arr angenent . Ref erri ng t oPEIrgis2@0/03898¢ el ded
electrical cable 302 is simlar to shielded electrical cable 102
illustrated in Fig. 2a. Were shielded electrical cable 102 includes a
singl e conductor set 104 including a si n%I e longitudinal insulated

conduct orinsubged eofidarigectOps biseletad confuciens H86 3rarianeed eféectiyelyiinglagad onduct or
set 304 i ' ' [ ' 4l at ed
conduct oréég%%g‘lagge épE %@’r%ﬁég}g&j l{é{g#%% icéﬁlﬁl;&o?gng% %\QX}} g’tt}%%ﬁ%g?(fgag gl:()) Ilﬂ{eg&ﬂ

ar r angendongitudiret éibgctionsed rasiebe abdsEncilbrsrd®b. t wi st around each other in

| ongi tudi nal direction Referring to Fig. 2d, shielded electrical cable 402
s simlar to Refrenadackiodier paad g@@ﬁb@@%@%|Oé§1%1fﬂ&fi<éaleptﬁwﬁi @blesa. where
shi e{ ded [ ' ' 1GE @T, i ncl udi ng
a s?éngl e aﬁgﬁgf‘{%}g?k gﬁéyggjﬁ]%tgseégpg%%&%lt%ﬁllnggl,dggﬁ)?lglg’é@ég gF%??ra %gl cabl e
402 i ncl useduaorsietsglld, 2&hd04 bo404 et cadinatnalsubléroef, fwarget @agiralldinral WO

2010/ 148164PCT/ US2010/ 038939 ,i.nsul gt ed conductors 406. |nsul ated conductors
406 ar e atiHer GEseny il edacasnes aey Dedela it e 59 heur at ed
conduct orndifordBY2 kMced apdrPHOM BB CRIAHME gchdtall PO Yeth & @dredioh @6 ticon, or

may be substantially parallel. Referring back to Figs. 2a-2d, further

enbodi nernsplaed etridarigecofdheeendugial saabihescis thecndidigr et aadpeaund of t he

present invention may include . a.plurality of..spaced.apart conductor sets
70470 204, D3GR HcaenRE e RRie M2 RTRAGRS h REPRHRL ) o2
si ngl e pleaitdik®itiodBalhl ayshidlihal a&itetgleablel ectri cal cabl es may include a
plurality of ground conductors 112 spaced apart. from and extendi ng

general l'y in thdersiagdo Hig detshishicgdslectical prhle adechigptuplisrlsy of snaped

conduct or, 2ff uOnd &8&'10&,%4%%9%&&%ne@ﬁgﬁng% il dohQFRANCHRLLP arc
arranged Senerauly ina single pFane. Fig. Z2Ze EHIUSTY At es an exenpl ary
enbodi mentablef502 dahha isdhidds dpdomedl godund cahduzedas €12 disposed Befweenh coglhictor Fi g.  2e,

e S A 0ok ARSI B 500 o SERETE B, e

el ectri cahit@h &1mO308 46 UPbsddNedHICDnRLHNA! 108! 99 th CRBMELRTctdrk2
di sposed between conduct or

112. A conformable adhesive layer 510 is disposed between shielding films 508 and bonds
shielding films 508 to each other on both sides of each conductor set 104, 204 and each
ground conductor. Shielded electrical cable 502 includes a combination of coaxial cable

20 arrangements (conductor sets 104) and a twinaxial cable arrangement (conductor set 204)
and may therefore be referred to as a hybrid cable arrangement.

Fig. 3 illustrates two shiclded electrical cables 2 terminated to a printed circuit
board 14. Because insulated conductors 6 and ground conductors 12 are arranged
generally in a single plane, shielded electrical cables 2 are well suited for mass-stripping,

25 1.¢., the simultaneous stripping of shielding films § and insulated conductors 6, and mass-
termination, i.c., the simultancous terminating of the stripped ends of insulated conductors
6 and ground conductors 12, which allows a more automated cable assembly process. This
is an advantage of the shielded electrical cables according to aspects of the present
invention. In Fig. 3, the stripped ends of insulated conductors 6 and ground conductors 12

30 are terminated to contact elements 16 on printed circuit board 14. In other embodiments,

the stripped ends of insulated conductors 6 and ground conductors 12 may be terminated



15sets 104, 204 and at both ends of shielded electrical cable 502. Two
generally parallel shielding filns 508 are di sposed around conductor sets
104, 204 wocdogvasred conductors 112. A confornabl e adhesipee/usayen3®io is

di sposed between shielding filns 508 and bonds shielding filnms 508 to each
ot her on both sides of each conductor set 104, 204 and each ground
conductor. Shielded electrical cable 502 includes a conbination of coaxial
cabl e 204PpEngERBI igdvidmbieritast clsareats ph ANy aEErbl tEURRAtIaroiRa I a5t &ngenent
(conduct a -her re be referred to as a hybrid cable
arrangené%%&ﬁ%gg&ﬁgngﬁﬁﬁg?%gﬁggcgégmgﬁielded el ectrical cables 2 term nated
to a printed diigedbiddbibast@tclah cxBaplarg erinistioa pestessuotdblded s @trévaticailound
conductors 12 are .arranged geﬁgralLy in a single plane, shielded el ectrical

cabl es 2 ZiPdrRE citcyitdagrds g Thisdemibstqearegsss oy begt magsHermainghipn RESYs
strippi ng,.af i £l f il A6, | opdu : , ;

Cer i hat Lo, PR e ey AN RS RS, KoM PP P RICI RN, o

i nsul at edtcg.and totonaing (Ahdtrgted imldigcéddWateo ferntiflg shiblided clattriovlscableriy the

aut omat ed cabl e assenb]y process. This | n advant age of  the i el ded
oot carQEBTEE SACUBIHIRGE & Baiet Sobfuelie P aeeahd Rogor2 o Fig. 3,
the strippRidRndeu@dal tasisb ML hGRABMEIE i fraaBemeKiVIMREntaanduikd R 56 42 30arc
term nated to contact elenments 16 on printed circuit board 14. In other
enmbodi nenrsted diewugthopdpldd waimhsvafld hmirlasg ey scgmidiernt oresipslagind of theiend
conductors 12 he term nated, to an ui t abl e .indi vidual contact el enents
of "My urkt ubfieh SETERE P Lol ALARY! § AR T o Cont act s of - an
el ectrical connekd 9p illustrated ol B 444an 46l pbrtius 84 BF chidldin@XHARISAK Yerh@fed] Nat i on

process of shielded electrical cable 2 to printed circuit board 14. This
t er m nat i prieblegacthethmpe by usids suchas - gaficehniiabsEBRING SRHSPEIRIES t he

; P e 1L ustrated dn Fi ) e . e
o 40 Tk O Eflhsld il B R ot P corBorC 6.l LM b LI B 2T o
el ect ri caincaafce niss-strpparg drege peniondh of ohidldédfiinse 5 phssiblo dutakethey

conductors 6, and ground conductors. 12 of shielded electrical cable 2 may
be frat chl@™ 6" {Hesrally %@eﬁ%ﬁ?aysﬂ bﬁﬁ&@%ﬁéﬁ%&b@éﬂ%@%ﬁ OéfI}SHJtaé‘?ﬂi cireuit
boar d _14’co%l'ﬁ&&s§69ﬁbﬂo€ih? ThidRfiSy BYs $HOMIhitAR cSRRERY QLR Rbtdklish end
10portions of shielded electrical cable 2 during alignnent or termnation.
I n the stagpinst dlemsticasleatting afthgre ldentioanamha sppiotiden iglapofdestnevaangof i | s 8

is renmoved. An ui t abl.e .ho e use uch as, .e.qg., chanj cal

str1 pot ngroP e RS e S B e Sne St 120R BF SiRau at ed
conduct orifufira@idin i@ W daL QROLHISK 6a dLthe hbuRfiBn 35 PRGicdPBESuE bRPI ng of end
portion 8a of shielding filnms 8 is possible because they 15form an

i nt &Yr al I(gmeverh daysyitaag ercthadanay ke wepayugh s, forprmedhenicalsipninger lgser

i nsul at edstripping. This step exposes an end portion of the conductor of insulated conductors 6. In

the step illustrated in Fig. 4c, shielded electrical cable 2 is aligned with printed circuit
board 14 such that the end portions of the conductors of insulated conductors 6 and the
end portions of ground conductors 12 of shielded electrical cable 2 are aligned with
25 contact elements 16 on printed circuit board 14. In the step illustrated in Fig. 4d, the end
portions of the conductors of insulated conductors 6 and the end portions of ground
conductors 12 of shielded electrical cable 2 are terminated to contact elements 16 on
printed circuit board 14. Examples of suitable termination methods that may be used
include soldering, welding, crimping, mechanical clamping, and adhesively bonding, to
30 name a few.
Fig. 5 illustrates another exemplary embodiment of a shielded electrical cable

according to an aspect of the present invention. Shielded electrical cable 602 is similar to

8



conductors 6. Renoving shielding filns 8 frominsulated conductors 6 all ows
protection against electrical shorting at these | ocations and al so provides
i ndependewO 20viegent of the exposed end portions of i nseCatusdo0mssIBLt Ors 6
and ground conductors 12. In the step illustrated in Fig. 4b, an end
portion 6a of the insulation of insulated conductors 6 is 20renoved. Any
sui tabl e net hod may be used, such as, :%Gﬁdnechanlcal stripping or |aser

stri ppi ngl Wﬁﬂdsel@fffé‘ﬁl 6303 aldusirated i Figo ¢ siont Hecldeshelecttien! cableiof3ul at ed
conduct or; l,e | cable
21 a1 g ibidfREndit ol SRS ool beftioep ST SeUESHIL I8, O

t he condu;epaoate 1md1v1dnslwoaﬂedommd4mtleerss alon@a@ottioa of ek lpngth iod elseldf:d gr ound

conduct or iel ded el ectri.cal cable 2 are ali wi t h 25caont act
denents I Cafhcagfs?hi @eé dhqrelyi incisasipgatigast fhs lptseel ﬂ&y phehtisldedefosthicsti g. ad,
the end %Pfe' @QSTI‘HE afl&&s ﬁﬁ&qw:&%tﬁ cabl@%gb% Sggﬁ%ﬁjﬁ{@eoera%h?m@@g the end
portions of ground conductors 12 o shi el ded electrical cab are

t er m nat enrtibn@oet@cfackéteapninotic cotbopmiantse dplas 4 8 viay begdwedd ddch &Stanpl es of

t abl t t h th d | | di ,
o1 ot ng, S EBRAM LA R G ARt e AR E BERGORG TS dofeRE s e, |
Fig. 5 ilha a"cﬁfg%‘fc@ﬂdﬂcﬁﬁrset@)ﬂ%ﬁl Vhdeshostites no, @(hts'il Shh Sﬁb@@ﬂc@ﬂtﬁi‘ﬁbud cal

cabl e according to an aspect of é%% present invention. i el ded el ectri cal
cabl e 602long the inng‘érOﬁSbleW@dmwc@h%ﬁﬂmﬂlgSQm@m@slemfeqoeié@bt@ ststri cal

cab 2 i strated | ddlt e 602
ot aes Srlap ey dsoisdaghan et Poois! & S bl B e Btc L or
sets 4. Splith&ctiBms@pariab enasebrvirdtiah c@pzﬂbdu ts@rltsﬁetrﬁaﬂn@ttex{eeasﬁto@h@ Bg a
portion of the length of shielded electrical cable 602, thereby i ncreasing

at | east hoHeendupastians 41 %ithi § mey beforgiddn sluglded steciricalgabl B wsingowy Thi s
N I
all ons S%ﬁmggqeﬁ{o%%{(ch%@ gaﬁkéﬁ & teo‘r? pgﬁ%lﬁgg%‘?&?aﬁ% pﬁ??d&%h%%@g

curvilinear ou
pl aced s uoﬂiglaﬁhﬁad)slﬁemmﬂmtr euutamlh shaﬂwacbf openifipd inapbe fararedue loeldséticdicaind

gro nd conduc 2. To |ntain the s C|n of conduc. sets

gro hd comalsasy g 85. Spi s i-@-,ﬁwcwsgﬁtslee fhedﬁseéﬂef%ﬁﬁye %ﬂ?lgﬁgt h of
shi el ded gl&cliLadd ¢6abl € 602. To mmintain the spacing of conductor sets
104 and ground conductors 12 in at |east one end portion A of shielded

el ectrical callig ®0Rstaich drodroe bycmplhryt Gmbridngented s shietded ebecirmal cdpabi lity,

splits 18 may. naot extend into o e rti.ons A s..18 may be
o med i entindba®Ager o 06 Predah i eabSh G E G Rty 2P T3 e tah o,
e.g., Ia%ﬁ{el@eldteqécmca@Ea@@@@ﬂmgtratb@ﬁltﬁgds HffRtivélp, iaQRTRIdRa Rt &dbic

| ongi tudi nal splits, other suitable shapes of openings nmay be forned in

shi & ded MReenaofsandudserastset lsmgala@dcbn tee greung conduiters 12eSlgelded elegtrigtlease at
| east the t exibility, of.s rical cal l e Fig.
6 illustr at)lgesﬁgno("tlﬁéers )fOI%getrl}p i %Phtsnieg rrent§pl§q§ SERTEr Yk mﬁiua? rllldélg o cabl e

accor di ngetsa aﬂ@ngﬁt@p@ebneftﬁehelg@m Qﬁﬁﬂéldedléﬂeéthbﬂl&abléhﬂﬂhﬁi@do@hﬁ@bitbﬂcm cabl e
702 is simlar to shielded electrical cable 602 illustrated in Flg 5.

Ef f ecti véngsa enidrpogtmné Poefcshegldad dlectiagal satle d02Fphp 18 ospargtes dstddedlor sets 4 s
1) 26 Bkala SEOLGEARIUREE R TAao LG tugl 30l eRLeRRTME 102
conzfiict orpostéds Alobdhididedbelparitdl @ablof/02 hehicle offediively sphitsadhibddbdedletitical cal cabl e
702 and doglse %Stmtg)gvg r1]1(1jd1V1dual shielded electrical cables 702°, 702”. Shielding films 8 and

ground conductors 12 provide an uninterrupted ground plane in each of the individual

shielded electrical cables 702°, 702”. This exemplary embodiment illustrates the

advantage of the parallel processing capability of the shiclded electrical cables according

30 to aspects of the present invention, whereby multiple shielded electrical cables may be

formed simultancously.



into end portions A of shielded electrical cable 702. Split 18 separates
i ndi vi dual conductor sets 4 along the length of shielded electrical cable
702 and ewDendgl48reio end 25portions A of shiel ded el ect PCcTaiS2@alobs3¥02,
which effectively splits shielded electrical cable 702 into two individua
shi el ded el ectrical cables 702", 702". Shielding filnms 8 and ground
conductors 12I§rovide an uninterrupted ground plane in each of the

i ndi vi dual shilégdda-7diBestiatectiapr ethpl & empodimentsifa shicddndl eofti@hbodi nent
illustrat t p Si bt t.he
shie|ded‘%ﬁ%@????%%qg%%%%?Qgg%gﬁﬁgﬁgﬁgéﬁgmag 35?27%%e§ﬁ§9%¢%1éﬁ?ﬁ@%vgntion
T e st ot e ey

. .gs a- .I ustrate rour o er
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of tgqe pra%ﬁ%%ni-c'&é&&tf-v@nglog?%f&-lai&.‘ﬂf‘e AhfudRRGL ek idlli Ql{éﬁ%ﬁf‘ 10

illustrate various exa constructions of the shi ns of the
shi el ded mehduitive catercdlihesding hubme lamspdad cogter) selast, alwmenwh, gdié asti el di ng

films may .jncl.ude conducti,ve. | ayer 5and a non-conductiv olyneric | ayer.
The- conaulioS iefegs e aa i Give PRt b S Ta e b P gp NS | &
i ncl udi ngphbtialNRElUdinY Bue Hot 1B QPRSI0 yeSick, \WRlyimad U pbIghiidedaligdh, and al | oys

t hereof . The non-conductive polyneric | ayer may 1nclude any suitable
pol yner i coheeteafluarocthydencugolyproputenagolyetmilensdpelgplpnlyleas sdfide.mol yeithilens,

pol yam de-im d | ytetrafl yoroet hyl en ol ypr | .ene ol yet hyl ene,

bol | Bhenyieeitbtits, Py bandts storendoss disimr aidyEn A ruitssd 2t o) i 11 cone

rubber, egjdiyirethgnd) a@piate3nglicing®, atiiletbbpodposfcet dhanenthatd ibdtesihesivd.i cones,
nat ural rubber, epoxies, and synthetic rubber adhesive. The non-conductive

pol yner i clheaiparcondyctivepoliererisrayes maydpdudgiona ervearc additiges #1d/erdilierste provi de

properti gﬁ»%s?ﬂ% h@%&ﬁie@ ?@taﬁoikego% e‘iﬁféﬁ&'ed?aﬁ@:liheggﬁgﬂ{‘anokﬂ& agaLh il 1oAY REEL

at
| east on irel"ding ms may am nat1'ng’ adhesive fayer
di sposed thethieldingtfiiems hxgoncludt a enihayey adhndvé hgembsposedblitatenehepol ynmeri c

| ayer. In another aspect, at |east. one of the shielding filnms may include a
st ahd- al FRBIRENA dpter 5@ f?ne INRP-COP CEB?]E?IIB’HWPéar}’ebflntaﬂ‘édl%frﬁsé?%*ﬁéﬁaﬁy "6 ey be

sel ect ed hagadqpp MnlWiRehciRfic 488heAIRRLAHRIAVS itk TrRRlAsthREioh BE Nt ended
application, such as, e.g., flexibility, electrical perfornmance, and

conf i gur ashiebhingfilrhhmag bi etldadd bised bniacambendf des(gapamnagers suigable for é®ence and

| ocation .of ground conductors). Ln .200ne, enbodi nt, the shielding fi.l ms
ol ude dRePREEEPHP™ S St BPAPHG. 1R R BRE Rt g S g of

shi el di nghé iHiBMedav@ridaltAbRK ARE%s| &gt PRsdRBaRd Ricattor0df gFButPcdrdf&oNIn The
shlg&dlng fll%;épro¥égeIQ;Q!ZQHonﬁmEQ;E|dl;%ﬁ@qu piﬁgagg sggglng et ween
t he<¢ ondyBE EMboaIRENt,4A¢S wigd1ilgs Caat 18 aIae mg . aice
manuf act ur.i,ng. PrQCcess,. 4n di t.i on, .t.he shielding fi reyv a

T henomenar iR oEE Shickha i1 08 n shid STl h AL AL bE 0T B S0k o, 1 o

at t enuat i sBELhS fiths fropaletisctatonr sHicldigensypreabgspatiticHephrenanenon
typically occurs 1 n conventional shielded electrical cables where a
conduct i eondyitel sgts; andgnaplsedmaicauimaied yrllgreheoss ggble manufacturing process.

In addition, the shielding films prevent a phenomenon known as “signal suck-out” or

25 resonance, whereby high signal attenuation occurs at a particular frequency range. This
phenomenon typically occurs in conventional shielded electrical cables where a
conductive shield is wrapped around a conductor set.

Referring to Fig. 7a, shielded electrical cable 802 includes a single conductor set

804. Conductor set 804 includes two substantially parallel longitudinal insulated

30 conductors 806. Two generally parallel shielding films 808 are disposed around conductor
set 804. Shielding films 808 include a conformable adhesive layer 810 that bonds

shielding films 808 to cach other on both sides of conductor set 804. Insulated conductors
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Referring to Fig. 7a, shielded electrical cable 802 includes a single
conductor set 804. Conductor set 804 includes two substantially parallel

| ongi t udiwal2oionesiéat ed 30conductors 806. Two general | y paraisk@l/ossssel di ng
films 808 are di sposed around conductor set 804. Shielding filnms 808

i ncl ude a confornmabl e adhesive | ayer 810 that bonds shielding filnms 808 to
each other on both sides of conductor set 804. I|Insul ated conductors 806
are arr anyédreerazad gonarylyaing siegle plsna ared effestizelyde aitviayial or dffergntglxi al or
di fferentd3l caBl%'aq'rgB &tgﬂ{i%ﬂ%f{ﬁﬂl -goﬁﬂ{c‘?&d%' NGl TR 1%&? Sb%@gﬂﬁn&-
conducti ve | ayer a and a norficonducti ve poal yneric |ayer .

Non- conduohdweivp pblymesricdayeayesb. 3Bbcdndaas el padyrhatccldya@odb ¢icos msBlated

Conductive | ayer 8a may .be deposited onto non-conductive polyperic 5l ayer
808b usi gAML §88a<§fr®uﬁ%wlaﬂe.r ¥0Ra mayREfAEPRSIRE 0Pt NENgLONGUCtIVE OSSR

el ecﬁriC%%\%%@klﬁuﬁi‘?%aﬁfﬂiﬂdgﬁ%&h@.”9|e conductor set 904. Conductor set 904
S

i ncl udes t ubstantially parallel |ongitudinal insulated conductors 906.
Two gener al | y kderminged Fehirkel sthiahdpdfdl¢atmscad 08blape? dickplos @singleaonduatamsdtict or

set 904. ielding fil .908 i ncl ude ,a cqgnfor | e .adhesive, | ayer 910 t hat
bonds. 10sTe BiE A sF g8 g5 TEaCHOUEHERY Gk R ST aS Jolaiuct or et
904. | nsWoal@dos 90HULK & koA fik AR ERiaRERN BRVB8akd Fispdic@ auR@ondicaRine and
effectively in a twinaxial or differential pair cable arrangenent.

Shi el di ngef PM4ShgdBng ALY iaclode dgenfovralilagdcsgodayeatl thanberslsnduct i ve

ol ric.layer ~.908 Conductive er, 908a f.aces i l.at onduct ors 906.
Rondiler i whlcRFE g s GRAeK ha Sy bW Sled RPSrARSP o 30K RUTRTRORUERE T oor
908b usi MY6kbaanyanpdll bakdralyatdwehlc Rahebid dfkectivclyiig a tWihaxdhoedidegnghlect ri cal

cabl e 1002 includes a single conductor set 1004. Conductor set 1004
i ncl udes Raliralgwstangementy Shiglding files 908 inpludedi soarustivsdaer 88z yKrRIor s 1006.

Two gener . Shi § i LS uct or
e L R S b AR UL TR

t hat 20bdiuslustivedbgirdgi iagh e HOPBite @ ort@atonatohéuction pbbinterwilaes 908b aongluct or
set 1004. InsuITted conductors 1006 are arranged generally in a single

pl ahe and™¥PrEs P8thedi n a twinaxial or differential pair cable

arrangement . stef&lrﬂg@@ﬁgl hERL LS dQGidESate o HcRIANEsiFARB MR i | M
Referring to Fig. 7d, shielded electrical cable 1102 incltudes a single

conduct orl09ét C@btut®4 sctCOAd uctwies et subktutialhcparelds longotudmbkinawatedl | y
paral l el |ongitudipal.insulated c ctqrs 110 wo general | aral |l el
R ol af ngonnriies 7 b8 Tt e aub hl ke dpey "l tersherodad el ai ng
films 11Q@ningbide] Go4C SnfeRfinBhRIng FbRest NG 4 sxtbrndablOadhbBat e ROBAR 19hhal di ng
films 1108 to each other on both sides of conductor set 1104. Insul ated

condlct orbonds gaclding fHms dAB% P epehethar Py bpth sidesiof gorlugtoanet 19A4. lasuletedi vel y in

atw nax'c%lndl(l)crtors 1006 are arranged generally in a single plane and effectively in a twinaxial or

differential pair cable arrangement. Shielding films 1008 include a stand-alone conductive
film.
Referring to Fig. 7d, shielded electrical cable 1102 includes a single conductor set
25 1104. Conductor set 1104 includes two substantially parallel longitudinal insulated
conductors 1106. Two generally parallel shielding films 1108 are disposed around
conductor set 1104. Shielding films 1108 include a conformable adhesive layer 1110 that
bonds shielding films 1108 to each other on both sides of conductor set 1104. Insulated
conductors 1106 are arranged generally in a single plane and effectively in a twinaxial or
30 differential pair cable arrangement. Shielding films 1108 include a conductive layer
1108a, a non-conductive polymeric layer 1108b, and a laminating adhesive layer 1108¢c

disposed between conductive layer 1108a and non-conductive polymeric layer 1108b,
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30differential pair cable arrangenent. Shielding filns 1108 include a
conductive | ayer 1108a, a non-conductive polyneric |layer 1108b, and a

| am nat i yoadiveswse | ayer 1108c di sposed between conductcrask@ay®ssold08a and
non- conductive polyneric |ayer 1108b, WO 2010/ 148164PCT/ US2010/ 038939

t hereby | am nating conductive |ayer 1108a to non-conductive polyneric |ayer
1108b. Conductive | ayer 1108a faces insul ated conductors 1106.
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Canaut | B GRng ek Barbos BB NS SRR B Rk SR B s R el o 10
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and width of shielding filns I n anot her aspect, conformabl e adhesive

| ay?l 10 aengudtive maﬂv@lea calil beowde fmmecaﬁwébf lvwlaltaggénatem:@is thay aglated or

conf or mabl e,_adhgsi ve esent onIy | | SOE Qrtian 30 al ong
the | engtfo6H A cf’t%ong “el%t 1&“3*’1% e el “nd%mtdl §Eont i nuous

adhesi ve Tl&métall&)atdaqhmﬁﬁlganabml&hn by s@listdn@ialgy hd)ld}vﬂﬁitrtlalékl esdhvs h@tlbwpes
that are disposed, e.g., on both sides of each conductor set 4 and ground
conduct or&ass 3phqres. ermak semarisRsolid reaieriady weh|as glapiheads or metal oxides. The

2010/ 148]c§)ﬂﬁ)£[{vg§grgljcfys%% on the order of several tens of microns to nanometer sized

25 materials such as carbon nanotubes. Suitable conductive adhesives may also include a
conductive polymeric matrix. In one aspect, conformable adhesive layer 10 may include a
continuous adhesive layer extending along the entire length and width of shielding films 8.
In another aspect, conformable adhesive layer 10 may include a discontinuous adhesive
layer. For example, conformable adhesive layer 10 may be present only in some portions

30 along the length or width of shielding films 8. In one embodiment, discontinuous adhesive
layer 10 includes a plurality of longitudinal adhesive stripes that are disposed, ¢.g., on both

sides of each conductor set 4 and ground conductors 12. In one embodiment, conformable
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adhesive layer 10 includes at |east one of a pressure sensitive adhesive, a
hot nmelt adhesive, a thernoset adhesive, and a curabl e adhesive. In one
enbodi mrerwQ 20onif48reabl e adhesi ve | ayer 10 i s confi gur edPCo/ysc@vioss®3a bond
bet ween shielding films 8 that is substantially stronger than a bond

bet ween one or nore insul ated conductor 6 and 5shielding filns 8. This may
be achi eved, e.qg. sel ecting the adhesive fornul ation accordingly. An

: , by o]y :
advant ageidbesivyhiageradhaslnges & daebt Queradrinsessius sealivesidhesivg. adiof mMeks 8 arc
readily i I r in i iASU ?%E eTely" o)
anot her Zﬁ%gﬁgﬁgﬁ(?E?%%ngﬁgkf%%%%hgggsgh?%ggfi g% con %gﬁ%%ggyg$%rovide
a bond beldhesgve lah¢relOdk ngnfiguredstoPravide a bbahbetivet et dogdilms Srthatas | nsul at ed

conductor 6 and shielding filnms 8 that are 10substantially equally strong.
An advant4g¥amally §iren g Hasi ARONE ST iR Pbﬁl%ln_@m&egica@%{r "gondyct ors 6
are @“Ch%f‘e?diﬁghﬂﬁ?g‘. il Eﬂa?'b@%cﬁibv'éﬁ?eé:, b(}’@el@&ﬁ% A8 2SR 4G Rhgs i cal
cable 2, this allows for ITttle relatifve’novenent and therefore reduces the
| i kel i hocdcaflinglc n styanthgsdi tbisdidhepitd ¢ambigBratiSuist thind shidbding fikhs 8agt hs may be

chosen based on.the intended lication.,ln one emodi nent, .caonfornable
adnest ve TrayHiepsRledRt i ox Ry iy e s RER D SRR R TR

pr ef er r edoRirRdbIRAResiRABYRITBOESh FRARRSL Yeovidy £bordd b di@serBshi dMink Mdas gof | ess
t han about 0.05 mm Confornmabl e adhesi ve | ayer 10 nay conform fto achi eve

desi red rawdhicond&ktvenst oat ecmpraciabulpied fordwsios 6 aoH shighhieg fikns Tehabdreshi el ded
electrical ahle 2. | ne aspect. .conf-ar.nmahl e adhesi ve. |l ayer , 10
S ontlr v Ry BRiaf Soul B ORR SRR Bt anr 8 B il Rt Sy @ PSSR onY By iRl

conduct orcogélicGord 6 atdhmdhotddBetasashirldihefifhs § f®n baddaipadhidllieixd bdttiedl Yatsié
shielded electrical cable 2. This allows shielded electrical cable 2 to be

pl aced noh drigaldews/for liftls rglagiie yrovementrand gheseforeiekieqes the lkelippodpfdiusklingspect |

conf orma } o) i i
e at o'y oy G o & XFEERRE KGRI GBRard (K S alcTnBRRRR, |
conduct orapphtaiod. Inldnenibodineas aonfdimabie abdhcivabkystiOdngt thiekitseoblbsses

formng a, 25curvilinear shape of shielding filnms 8 in these areas, which
i nc}%asesth%woemb-é%invmtly adff@@ﬁieéF@Qaglgre@&tcpv%&m@aﬁﬂ@szﬁae@39 Yting

flexing qhickh&seakRk&hah Ibaddids AR, this helps to maintain the position and

spaci ng of insulated conductors 6 relative to shielding filnms 8 along the
| engt h of shi éladomelbéradhcoat layabl m2y covforh ta edudvesicsinedumedhanionl amdedance

et P B g S B i e POk et oo
partial | YeoRformanRlag@h&live 16:fF00ek D@InG a0 tﬁﬁlﬂbﬂ&kt\f/éénr%_i@dih? fidhe8sn bet ween
conductor sets 4. As a result, shielding filnms 8 electrically contact each

ot K&l i n areredetvencagendugirshtsidnwhichgeecasaeatdiest thei latgral Pexbdityrahshuclded

electrical cable 2. This allows shielded electrical cable 2 to be placed more easily into a

curvilinear outer jacket, e¢.g. In another aspect, conformable adhesive layer 10 may
conform to be thicker in areas immediately adjacent conductor sets 4 and substantially
conform to conductor sets 4. This increases the mechanical strength and enables forming a

25 curvilinear shape of shiclding films 8 in these areas, which increases the durability of
shielded electrical cable 2, e.g., during flexing of the cable. In addition, this helps to
maintain the position and spacing of insulated conductors 6 relative to shielding films 8
along the length of shielded electrical cable 2, which results in uniform impedance and
superior signal integrity of shielded electrical cable 2. In another aspect, conformable

30 adhesive layer 10 may conform to effectively be partially of completely removed between
shielding films 8 in areas between conductor sets 4. As a result, shielding films 8

electrically contact each other in these areas, which increases the electrical performance of
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WO 2010/ 148164PCT/ US2010/ 038939 shi el ded el ectrical cable 2. In another
aspect, confornmabl e adhesive |ayer 10 may conformto effectively be

parti al | ywofowmompleat el y renmoved bet ween at | east one of PelmiuskaiongsBe | ns 8
and ground conductors 12. As a result, ground conductors 12 electrically
contact at |east one of shielding filnms 8 in these areas, which increases
the electrical performance of 5shielded el ectrical cable 2. Even |f a thin
conf or maphieldedrrdesinel rehjel. ImEnethcsispegetandeimaktc dbgyve oper ¥ mayrenfeimg

films 8 i f may

br eak th?ggéﬁ& ﬁﬂb ﬁ%ﬁ#@hggﬁnigtd§?§$é%&i t%gggg ‘ﬁ?ﬁﬂgﬁ 3%8%ﬁ cont act
as |ntendmdgnﬁmg&mn&ax@sIQLAystamnegbhmfanﬂhhem]@xﬂﬂpmaﬂuwﬁﬁhﬁdmmamts of a
shiel ded el ectrical 10cable according to aspec s of the esent |nvent|on
Fi gs. 8a-BE hplic s these Ar@nduliich gieraperdpy sleetrisy BloRaE A he

pl acementg,pijy déare@ééﬂgca? Qzﬂqé'g@\;éﬁ if Dhif) @oﬁﬂhﬁa{b‘#@gdh%kl‘%gﬁ e{:’% eﬁﬁt@ eefi3 aspect
of a shiel el ectrical l e 1's proper grounding o . Shi el ded
eIectricdbmmamie&maﬁmogﬁthSBodggmedtemhmunhé2pmﬁgﬂm$on@unmﬂwommmansbe

ded f t., th d d t
O e R B oS (R B imab Rt B B G b ERaftid il S b o

gr oundi ngntc-hgQround conductors al so grounds the shielding fllns. In this
arrangenent t he %round conductors may al so be referred to as "drain

wires". In andiige aégplé@sttratetth@egxthm ndemldﬁmﬁmhﬂdsm@ms aba shitlded electaicaly
con ct th hi. el,di ual ¢ e enents
ConLE T o P Pl a2 otV cBira B inl Ao PHE s AR RS b DGR

i ndi vi dudllugar aeinptdseyTei pl@éenadﬂyosgtbh@d)b@ldhetbm mah& shielp&d #ltctrisalGhblas
e.g., a 20contact depent on a printed circuit board In this arrangenent,

the grourh aveetfrshisidedclectrics! peble sfrsppes grqupdig of hotvrldihidded Fig. 8a
111 ust r at e?ctt‘?&tl gﬁ%%gpalc%rﬂ]m 91 &%’Hft@’é Pt%se%lf' nQJe (guﬁcea!neo%g {)ﬁf’%lled (fﬁaQ h ber

according to an aspect resen nven I'on wner el roun
conduct ordf veye. Ip@&eTaspmﬂ'edl@fbﬁimédndhﬁofsftée@ﬂmﬁbld:bﬂtgctfat llgust oﬂaojshe 8b-8c

il trat xe ts of |elded elec rical. cable

accht di ngg teling ﬁéeggl ﬁftg%t e S GRICOH e FRHOY S%‘P

conduct OrgnAr tﬁfg%hfahgaﬁ&t et g@%ﬁd E&%%M@hl% B0’k lréﬁm@ﬂﬂasnﬁyaub ilec! uded
in the conductor set. One or re ground conductors may be placed in any
sui t abl e Ipaaotﬁleloarspeoti the gaiunﬂ@oncﬂwtczrh de hdi eigctlfwdllryssontaet the ehictdnes Slmsebdti ng
filmns,

Chabl'e’ 19058 TR e o gl B ebisioprBrctigB gt fab b indtpendehf ketfnafedd' ' o

any suitable individual contact element of any suitable termination point, such as, e.g., a
20 contact element on a printed circuit board. In this arrangement, the ground conductors may
also be referred to as “ground wires”. Fig. 8a illustrates an exemplary embodiment of a
shielded electrical cable according to an aspect of the present invention wherein the
ground conductors are positioned external to the shielding films. Figs. 8b-8c illustrate two
exemplary embodiments of a shielded electrical cable according to aspects of the present
25 invention wherein the ground conductors are positioned between the shielding films, and
may be included in the conductor set. One or more ground conductors may be placed in
any suitable position external to the shielding films, between the shielding films, or a
combination of both.
Referring to Fig. 8a, shielded electrical cable 1202 includes a single conductor set
30 1204. Conductor set 1204 includes two substantially parallel longitudinal insulated
conductors 1206. Two generally parallel shielding films 1208 are disposed around

conductor set 1204. A conformable adhesive layer 1210 is disposed between shielding
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30 1204. Conductor set 1204 includes two substantially parall el

| ongi tudi nal insulated conductors 1206. Two generally parallel shielding
films 12080a2nw/dwposed around conductor set 1204. A comtComsadbassdhesi ve
| ayer 1210 is di sposed between shielding W 2010/ 148164PCT/ US2010/ 038939
filnms 1208 and bonds shielding filnms 1208 to each other on both sides of
conductor_set 1204. Insul ated conductors 1206 are arranged generally in a

si ngl e plidAe 13A% aed bendsishisiding Alnzs 12348riarad other i Hotle pides efztongugter sehbl e
ty of
o ound coiic e SRR 126 Rs (MG ERG IV M ShotldBinl ARE FBREARL Y 0

conduct o I’aStwlﬁ’ak2ala>lr dlffﬁraﬁﬁdpa)t/&?[b,le amdgemeatn Shehich etdstrRiatedlof20Qdndat or set

1204. Cptlon ly, i el ded e] ectri cal bl e 1202 incl udes protecti films
1220’ sur rBelHds Srigh! WP 181 i as@mﬁ JoRguctord 2 iﬁaosgw e xtsaR R tgp Gingtiis 1208

Protecti y I ve
oyer 1 pahd BBdbeiet, LG dtFlaBe gt ALl nd B B e e BB SR

gr ound cdhmmbyshtbmbﬂ clotiti et pabtlé i/H]Zymclsdtsqudien@vef ﬁllmsslzm(sm‘ramnﬂimg)gr ound
conductor surrou ded by a ter conduc shield, such as,
o Binkdiad ABY 1 Y SRR gted o R e M R0 i S oy
Referri nqarbt@ctﬂ&ayétm@m&i Hedingliecl gercmzog %ma%ﬁﬁﬁedu% IHde$2Bagb Nl €
conductor set 1304. Conductor set 1304 includes two substantially parallel

| ongi t udishildipg§imsi 2 andredewntdoosduaos 1 2 TvoA lgpnativaly, 9hlpbiiﬂm ﬁilms ER8endi ng

fil 1308 are. di,s rou d 15co t o bl e adhesi ve
|yl 1300 RlfesPuRaRET T2 RIS LitP R Ry bt b iR SEM B e g
films 13QBniectieadbaidtdndan@tdddishlasivel kaf(n@whdm)or set 1304. Insulated
conductors 1306 are arranged general inas pl ane and effectively in
a twinaxi al orRdpyingtefig. &b, S@bﬁléed&é%ﬂtrécaép@%éé(?{%ﬁ@u dehy dpglegordustarsecal

posi 1 oned bt vngs ok R R Rty MEY B SbRUI | GRARMELCRSASE et or s
1312 ar e dondhateled 306 Toangnetadly m@tllellﬁﬁéldm@rfdnismOs)ﬁretdn@ogasdmnnhctonduct ors

1312 are spaced apart fron1con r set 13 Referring to Fi.g. . Sc
shi £ ded GNeee, i Hall @irmEble f’ Adheelayer %ﬁaﬂse lém%a%g?teyﬁe%éhlglﬁ

Conduct orf 1Rt 364944 batds léﬁr%ﬁhﬂg"ﬁln%supﬁ)%% thd diherRA I Blicd &%h&ﬁ%&%{
i nsul ated conductors 1406. Two generally parallel shielding filnms 1408 are

di sposed 1204umsul2sd onntimtcw 1 ¥t ar¢ 4G4ngcA geoerhldy mebsieglaghrasiaué cffegtorclylid10 i s
di sposed abt%;[n\{\g((laa or glfFerentlappalr cable arrangement. Shielded electrical cable 1302 further
includes a plurality of ground conductors 1312 positioned between shielding films 1308.
20 Two of the ground conductors 1312 are included in conductor set 1304, and two of the
ground conductors 1312 are spaced apart from conductor set 1304.
Referring to Fig. 8c, shielded electrical cable 1402 includes a single conductor set
1404. Conductor set 1404 includes two substantially parallel longitudinal insulated
conductors 1406. Two generally parallel shielding films 1408 are disposed around
25 conductor set 1404. A conformable adhesive layer 1410 is disposed between shielding
films 1408 and bonds shielding films 1408 to each other on both sides of conductor set
1404. Insulated conductors 1406 are arranged generally in a single plane and effectively in
a twinaxial or differential pair cable arrangement. Shielded electrical cable 1402 further
includes a plurality of ground conductors 1412 positioned between shielding films 1408.

30 All of the ground conductors 1412 are included in conductor set 1404. Two of the ground

conductors 1412 and insulated conductors 1406 are arranged generally in a single plane.
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films 1408 and bonds shielding filnms 1408 to each other on both sides of
conductor set 1404. Insul ated conductors 1406 are arranged generally in a
si ngl e phaoeosvdsssiif ectively in a tw naxial or differenPcalusp@ion3gsabl e
arrangenent. Shielded electrical cable 1402 further includes a plurality of
ground conductors 1412 positioned between shielding filnms 1408. 30All of
the ground conductors 1412 arc included in conductor set 1404. Two of the
ground conductfdgs 92P03llushiata Asereapldy ephadistcst of audertagad agsepdhged general |y

in a sing| ) P . i 0S. .- 9a- jf lustrate
an exenp%§§§ﬁg%g§3P%g%%pégﬁéﬁﬁégﬁgﬁ%&cgﬁgégé%%%ﬁg%ég@%%&wﬁgnﬁgmgh aspect of
t he pr esdiitctiical asdentiby 1 S0tninclatiexth shacldedpeledttied cable dG02 ambar electizbabt ri cal

mbly 15Q0 j ncl ud ielded el ectrical bl 502 : |l ectricall
Conauct | VERGHBIE CEHlE B335 SR G GHLERTT A1 BabE ARl W o
I it : [
piural | lyagglfé SRARES sORA3H4 aﬁ&}{g%%_%&éralﬁ;gfen:a %ﬁ%ég%é?@&ﬁ%{l&@&%@skﬂ y 1na

single p . Each conductor set "1 ncl ubstanti a parall e
| ongi t udiinahdésrtsolsabstahtadp gacd ol londiEQknal Twolagenendidtyrs gadal Tved gateralydi ng

filnms 1508 di d d condugt ts 1504, f bl e adhesi
yer 1o dreBeatms dotan ERcs iRy d fmucennss e Benalienbe i ng
filns 1508htGveRGh BUDE digfbsB@bhweERgsclafnSRAER 15008HE bHdsSBicldBOfimCabl e

clip 1522 is clanped 10or otherw se attached to an end portion of shiel ded
el ectri cal>08 &brachisin ogboth sigestolf gach eamductonset 045 Kiabledilimgl SR linglambeB

| i | | bl ip. . .Cab i i fi f
Cor 0 nat Rt BRRb Bftiched BhPafd hdhd Bt R At dRE b RN, 1O

printed ane@fkhickioar fllmkSIE48 clctrRatlpbbitads cabls AUNE0TaBe clipn sbRisween
shi el ded el ectrical cable 1502 and the ground reference. Cable clip may be
t er m nat €@nlguree fordesinyiqndp @respel reuaicagpushgs Sua- teBiast slempddl S 10981 udi ng

sol deri ng,.. i Nng, I R Ng, : i I i ondi ng,
o name 3 A bR B o B L D e A A e et T o
of the endbledsil and thefgrolnel refuncheet Catde cofip mag bt airmihata@ndukd gioand bdGcnde

shi el ded el ectrical cable 1502 to contact el enments of a term nation point,
such’ as, Wing. a,ﬂYémeé%fneewémélﬁ@élnﬁéo TR %@é@gc?rrremflg, Bedrpicalclamping) qeqd

el ectri calqGahls clypBondiRy td RGhUE fv@NOhQT tehRFRIA, &!BM% CORGHE! AESitAS
descri bed herein that may electrically contact cable clip 1522 in addition

to or i ngtmadatein cfithd emkporpoes withstnndudiorsgffindutacdl &@@uctors 1506 Bf gmcldéda- | Og
illustrat n_ex nmet hod . of king a.shiel ded electrical cable
nccor df nd 0 e U b O E SiTBERNE T VBB POGHEGF o Gl Jo B gs.
10a- 1 Og ididrisits 84 6n pAntRA eFRNiBbard el NSMiel@dd &BK 1B cablk 8b0RfhagliRGhdd sirlorcabl e
2 illustrated in Fig. |I. 25In the step illustrated in Fig. | OCa, insulated

condlict ormBos gaoundfcopdctons g6 Aescrihgd karpindbatengyealerodcally sontagiscable, qjip, 1522

extrusion, lLpsul ated caon tors, 6 he..fo d any suitable |ength.
sl at edn B R FESEREN G RS e EYuBRAER TR D, 0! it fo & desir ed

| engt h. G oundrigondagd@ilfuskatenimexbaplhoy methoddd makygiadditldod clectiidnl bavle
fashion (not shown). In the step illustrated in Fig. 10b, shielding filns 8
are for n@@porﬂlrlgitﬁ@p @.speag,@frth@present invention. Specifically, Figs. 10a-10g illustrate an

exemplary method of making shielded electrical cable 2 illustrated in Fig. 1.

25 In the step illustrated in Fig. 10a, insulated conductors 6 are formed using any
suitable method, such as, e.g., extrusion. Insulated conductors 6 may be formed of any
suitable length. Insulated conductors 6 may then be provided as such or cut to a desired
length. Ground conductors 12 may be formed and provided in a similar fashion (not
shown). In the step illustrated in Fig. 10b, shielding films 8 are formed. A single layer or

30 multilayer web may be formed using any suitable method, such as, e.g., continuous wide
web processing. Shielding films 8 may be formed of any suitable length. Shielding films 8
may then be provided as such or cut to a desired length and/or width. Shielding films 8
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30rmultilayer web may be formed using any suitable nethod, such as, e.g.,
conti nuous wi de web processing. Shielding filnms 8 may be fornmed of any

sui t abl e Werrgton4sshi el ding filnms 8 may then be provi dedras/tsoetho/0s893cut to a
desired length and/or width. Shielding filnms 8 WO

2010/ 148164PCT/ US2010/ 038939 nay be pre-fornmed to have transverse parti al
folds to increase flexibility in the |ongitudinal direction. As illustrated
in Fig. I0® bapicdpanstforhayediamveie padiel toripsapnse flggibdyy etheayer 10, which

may be f Lel di pgafi S| ; i | £. as,

ey 1 anpiEfudh o REALLbIR) B 1E, 166 SRR AR Ptk OhrRtf °

pl ural it yadaésivd laged 1@t adichangiied formedon giioldig ftlandusingy sylsditabladhestiude! di ng
filnse 8 are proviqed, A forming.toal 24 is_provided. Form ng tool 24

i ncl udes SHChat F-LoflamMBrRHPA YT RUFFEND &4 thexbep WavTaly! & figalle. BWFdEpshding to a
Cr 05- seGhi ehal oGRS, 5%611@3@%&5@%; iRih ARk firfs 8RFL ibcibiey a bi te 28,
| nsul ated conductors 6, dground conductors 12, and shielding filns 8 are

ar r anged faguiogdoal §4tioptolaled ofdringng @bl 2hincfudshia phidefifoeime rolle 26a,28bl e 2, and

positioned in 10proximt o formng rolls 26a, .26b, after. i t hey arc
Boncur r e P EeaeRs R rSs g P igrer S1pe os Bacsg e GeE o

bet ween figfliHOYbiiObE IndBfed E&iRiuctory 6NgRslindBhdwdork A0 NEhdShicdifdl At 8 bis 8
around conductor sets 4 and ground conductor 12 and bonds shielding filnms 8
to each cwrhegedarccputing oithieeonfcutsdion of sdided olecisisel cablerdd and pomidonsdnduct or s
12. at may. be appli.ed tp facilitate bangding. Al though dn.thi di ment,
o7 8 nd ONPER AP RE S RSO R IR deeslorb PRl 7 sl 2RRECt or 12
and bondifsgnishirella6ag246b dddiSpdsed BaeBer0fdi@ingdlh0bd) 26b dasmdig ®acty conduct or
set 4 and ground conductors 12 occur in a single operation, In other

enbodi nerfPEns shddivgdtlep$ axppdsopdictorpetelmdgrauniongdustonk? and bpndy od

i |'lustrat i ' bl: it ing tool 24.
i the or il BUACE R Bh bR RDrBR conlBub PR 19 20
20bet weercoadindors tl dr Hsattnsayde applied ® fhdilimaybdrelidg Athdugninsthisehdedindnect ri cal

cable 2 using apy suifable nethod, such as, e.g., /[l aser cuytting or.
punchi ng. Om%gﬁglek‘ﬁ%ﬁﬁmﬂ fiaopad eRnduRtoEpgs zﬁn&{%u’éﬁic%"i‘ CH)@%iaPiirgo%‘LBg

shi el ded sﬁie%ﬁ%hﬁaé 8 FIcR othe bbb FRd RRELHARNANSS sc20AYGidung shiel d 30 is
provi ded around the folded shielding filnms 8 using any suitable nethod. In

t he step dohlugemsd @dcurnn Risgiglel@gratan, muitksr griokancds these picpyinde dear aund

outer conductjve shield.3 sin ny, .sui t abl od,.. such e.g.

oty us: onePiitesprRof Sis nEARBUAE: AEVaES R ReR BBk SN S e o ¢t ed
and out erfoirdigk @501 24. RYe bep Phawhdedh BIOUed 1648 lipbogitsSIN abdbmadf i | ms 8.
Figs. Ila-11c illustrate a detail of an exenplary nmethod of nmaking a

shi 0 ded bsheesnrdonducterasiset. Robivridimay boformedspdiesldesk clediacad celle Atusingwant i on.
Figs. 11 a-lic are 30specifically intended.t.o illustrate an ex | e.~0f the
cont o m e EBRS: MEB S shnger e R PR Iy M e ARG ng o
shi el di nghfdldifg films 8 of shielded electrical cable 2 are folded and an outer conductive shield 30

is provided around the folded shielding films 8 using any suitable method. In the step
illustrated in Fig. 10g, an outer jacket 32 is provided around outer conductive shield 30
25 using any suitable method, such as, ¢.g., extrusion. In other embodiments, outer
conductive shield 30 may be omitted and outer jacket 32 may be provided around the
folded shielding films §.
Figs. 11a-11c illustrate a detail of an exemplary method of making a shielded
electrical cable according to an aspect of the present invention. Figs. 11a-11c are
30 specifically intended to illustrate an example of the conforming of conformable adhesive

layers during the forming and bonding of shielding films.
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WO 2010/ 148164PCT/ US2010/ 038939 In the step illustrated in Fig. 1 1 a, an

i nsul at ed conductor 1606, a ground conductor 1612 spaced apart from

i nsul at edwoantuaswr 1606, and two shielding filns 1608 &C&/USeaviossd9
Shielding filnms 1608 each include a conformabl e adhesive |ayer 1610. In the
steps illustrated in Figs. 11U-1 | ¢, shielding filnms 1608 are forned
around i nsul at ed 5conductor 1606 and ground conductor 1612 and bonded to
each ot her. | dntheastenyilluggatpd indigr Blaean ingulpted condustorcloRf ot grapreceiieor ve

| ayers 1 ' ' ol t h¢ I and bondi ng
of shielg%ﬁé§ %%ﬁépﬁﬁﬁgﬁgﬁgggg%ggk@%%¥é?%%gpgag%ﬁ§§§£ %pg§é§§§%§10 conform
t o achi eyrovdsd. Saitldirg fians 608 cuohl ireleletar dondrmatlcfadhesvcleyahi@n acihali¢ st i cs of

shi el ded el ectrical .cable 1602. Specifjcall as_illustrated in Fig. tic,
10conf or rﬁé&wéﬁl&&ﬁ@gilwaSayﬁk_gg%hlgldmrﬁla}snhﬁﬁ%af?efOffﬂ? HERGBEWEA shi el di ng
filng 16%119&&&01%6%@%?%% cbﬂ&iggcﬁtl%ﬁiz ﬁﬁ{%&ﬁfe‘éﬂto L89& R iRy da conduct or

1612; a portion of conformble esive layers 1610 displaces away from
t hese ar elsstrakdrintreg.,11bomindormableaadhciresiayers (1Y@ std] HB6E0hgoofiginah thiokiness.

t hi cker i reas .i medi at el j acent..in at ed gonduct or. 11606 and ground
conduct orRa@s Eruipenat b o IR Firey TG ivslit doR i abBAAtESr 2606 and
ground capgel@ro cbdotin @ aRRiel ¢ B8Rl nkRRiREITaRY BlcadiRgISIcyRrhaxer s 1610

di spl aces 1nto these areas. Further, confornmabl e adhesive | ayers 1610

conf or m tebartfesistigs\adishiclsied cloatricabicabén WSnSpdsifedatly g iHliytreted1ied8e. ddd gr ound

conductor_ 1612: . conf orngbl e sive | ayers. 1610 displace a t hese
o o s s B G AR DG A Doty BYECFhear S SOMRIE L Bl LA T P s
1608. 20lyoticsidéLdMnaxaeméaidyicterDedl arinirsund dRdskibel dleda pbehifcal cabl e
according to an aspect of the present iInvention includes a transition

portion pesfamgbleddbesivrayas 1o dsplpers sway fombthesaterst Burtlcst confgymable
t o e aT . or e S _ L g
St rain angnERiElflts 1p1 E R A SRIPEANER i IR MR LY B0

transiti aonpandd do6ahd gramndsbadictal 16y 2 codstbsintatdpicogformaté onulatadc! udi ng
aspects such as, e.qg., size, shape,_ and content) alopng the I ength of the
shi &1 ded PP @2 ae%&rwﬁ&eﬂu%ﬂé%%w@m o epstrg1bla a&ﬁ*e&&ye E3BPe to have
subst ant i gl b YiispcE OB BkQCHEdsC ArtiR%: ORBFrh@Ble sHS IV ARyer§ 1010 cddfBBIRNCE,

skew, insertion loss, reflection, node conversion, eye opening, and jitter.
Addi t i onalffegtivilybe emi@icd betiredishiehtisg fikuschh08sind gragind cendumthirnén?s wher ei n

t he conduct or set includes t bst anti al aral l el | ongitudinal
noul at ed OUBIHALE S BSA Ao d LENOR A Y0 m B Eriset Bt e

ef fect i velodidiorl 19Nl ly e6ntdéth §igERM insp@0g. cabl e arrangenent,
maintaining this transition portion at a substantially constant

conf® gur at i on lalcorgnenemplentembaesimenis, theplupldediclertaictlrdablglaceeding to an
2828; Ilzlg%lélli%&gi %\élé’g%%?%ggs alqtililc%!l(ie\é attpa%siﬁgrq%o%n positioned on one or both sides
of the conductor set. This transition portion is configured to provide high
manufacturability and strain and stress relief of the shielded electrical cable. Maintaining
this transition portion at a substantially constant configuration (including aspects such as,
25 e.g., size, shape, and content) along the length of the shielded electrical cable facilitates
the shielded electrical cable to have substantially uniform electrical properties, such as,
¢.g., impedance, skew, insertion loss, reflection, mode conversion, eye opening, and jitter.
Additionally, in certain embodiments, such as, ¢.g., embodiments wherein the conductor
set includes two substantially parallel longitudinal insulated conductors arranged generally
30 in a single plane and effectively in a twinaxial or differential pair cable arrangement,
maintaining this transition portion at a substantially constant configuration along the

length of the shielded electrical cable beneficially provides substantially the same
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el ectromagnetic field deviation froman ideal concentric case for both
conductors in the conductor set. Thus, careful control of the configuration
of this tweansiwi4srwisporti on along the |l ength of the shielPdeasedienssIseal
cable contributes to the electrical performance of the cable. Figs. 12a-14b
illustrate 'arious exenplary enbodi nents of a shielded electrical 5cable
according to aspects of the present invention that include a transition

portion dilesyeswgngis i deviatiuy fiorgiag adeapsoncritric sawufet bethgenrductors in thref er r i ng

conduot or2aders TR g TR Bl g bR g O ISl MO o P h £ 6°
|nsulatequpmdﬂﬁk@hwkﬁﬁabcﬁwmlg&hﬂk&hﬂﬁﬁ@ﬁb&hdGbaﬁﬂﬂ@bﬂbngn%ebﬁﬁml708 are
di sposed a ound condugt r set 1704. 10An opti onal ggg%gﬁgggge adhesi ve

| ayer 1719 biesFigs srdsiéd IDetRERYroNs eramplgryrnhedimens dedhfd| di ng
filng 17%‘3&%08(%8 % Q@fec@%f %aﬂ’res%'ngﬁ%eﬁfonctﬁ&qﬂaﬁ a B&lsitiObrtibiS ul at ed
conductor 1706 1s f ectivel rranged in a coaxlal or si e ended cabl e

arrangenﬂhmxméﬁwnﬂmﬁauboﬂlmmﬁ(ﬁiﬁﬂanﬂuundﬁna conductive Iayer | 708a and a

o ot o sonh B EobGe Filkn 22 {28 el st PR Flogh il 1708 1 s

simlar t@nih@ocenf7@uCahiiordbt BIU4gheLtg of Jihd1® lﬁ%ﬁuéiﬁﬂviﬁsdléled:b&}du&%r
Al ternatively, the configuration of shielding films 1708 be simlar to

t he conf |H@6aTW@gema1§hpaéaléhl ﬁlglel‘dungrfélnwg0§hmsmse¢a@un¢aon ioelsfdulﬂ@4f| | s

1008, sho l\ms (1108 homn in r
exathi o “Snpicee HeonfSryBle 38l el b g TR geaRy PRGg el gl 1708

subst ant i 2l Ibpn E9Me@ i g fitmWl 708 ©osadhi 6ther ol B&E sated oREiuadot &t 1po4.ti ons 1708"
wherein shielding filnms_1708 are substantially parallel I n ot her

embodi merfsulateg pnduciey 1704 wfffv@wlwaq%é i@ e0ax 1 joR ginglesaded eable porti on
1708" Shin%!ng&gerﬁ' Eldhl% g%‘?bg &% fdﬁh&@&fve'l%tzm a%%%htdoggucg Ltions

1734 p05|t|o uctor set n ot her I ments,
shi el ded pellwadrid lagdr ldabb.ejohﬂﬁaluMyydrrldO&m&c@s ihsdmsd toratuctony 1706NThiE34

ositioned qQn onl ne id ductor set 17Q4. Transiti rtjions
I[1)7311 are 0@@? glﬂféHO%9 @Paﬁ“ ﬁfﬁ% ta i ogHawRtigH © %ﬁee@rﬁei 85%rovi de

a graduakhB&ﬁn§Fﬁg99<Am%ﬂﬂﬁﬁ%§PQQQEBEQMQUQQBPMQ&d%%Q§HBQW@8Hﬁ&%k%ﬁ&hﬁort'0“
1708- of shielding filnms 170 opposed to a sh transition, such as

e.g., a rtogintcomafighmtion ahdii¢ldmg fdms 808 skoven tn Hg. bxnslnlbld(@ﬁlcpd@@&dhmmn a

transition ortion du transi.t ch as . a Sub tially
51 oot danh e bl En? GRS oS HRRR b ERG 7ecioE Suiu Suferpisd ST 8 ai ng
films 17Q8clufle 4 EGIShiic PArtRAN 1708 n@b&tﬁﬁﬂalg}%n@éﬁﬁg Riith ARG 1706 %ha el di ng
films 1708 when shielded electrical cabl'e 1702 is in use,

| at 8¢ al | ypasallchrorsipns 1 KA Wh@elgﬁh@ﬂﬁéﬂﬁbﬁ%bﬁ& &faﬁuwﬁlmléﬂ}imzﬂgﬂﬁlOsf,hfdiamage
may |nclud IaanSShwgf Ures {4 conduc%%§ﬁé% 201 iﬁg% ggg@éLJ 9&8&938939

| ayer |76§% |ng et Ve

non- condugddtivel paily Me2 furthayi@tluddOBdnsition p@dﬂjnts 110314 p@sm@dmlbotﬁ dasi dfi on
prevents damggg to shielding filnps 1708.1in nanufacturlﬂg)of shi el ded
§

el ect ri caiondumipresct Vi, Inpiheternkgdiments.ie]ded electriat s hiPZomax slide g of
condhet e Bk 4 O GRPICHLL BB Sy ST
pre3®nt portions 1734 are defined by shielding films 1708 and conductor set 1704 and prov1de a

gradual transition between concentric portion 1708’ and parallel portion 1708°” of

shielding films 1708. As opposed to a sharp transition, such as, ¢.g., a right-angle

transition or a transition point (as opposed to a transition portion), a gradual transition,

such as, e.g., a substantially sigmoidal transition, provides strain and stress relief for

30 shielding films 1708 in transition portions 1734 and prevents damage to shielding films
1708 when shielded electrical cable 1702 is in use, e.g., when laterally or axially bending

shielded electrical cable 1702. This damage may include, e.g., fractures in conductive
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invention including a transition portion on one or both sides of the
conductor set represents a departure from conventional cable

confi gur avpanw/14868h as, e.g., an ideal coaxial cable, wRoEUS2M0A3MRIeld is
general ly continuously disposed around a single insulated conductor, or an
i deal tw naxial cable, wherein a shield is generally continuously

10di sposed around a pair of insulated conductors. Although these ideal

cabl e corfyqdra84 sdéorpicbondies betwaen eandestiveriaid/Péa grdofante@sdugtivese profil es
are not i : g th SRl di

b el dedt ISrEne T ygrd 88 I GUREEAPLARE oS pROn IR b Sl AR,
accept ablgoglieatanufaeduripg opdfitldedcleancdeable Hi76¥,edhibly may indtids, og., cheking

el ectrical jnpact of the transjtion portion, e.g., by mnjm zi t he size
of the trééﬁé?atrsngr?f £t S et Usanad or Wl-wﬁip%mogw%f%nwﬁgm ation of
the sransiti onrﬁ%,cerohﬁggaﬂrgagshﬁa&ed &Bgfithl e&u&b&c%ﬁ %ggcttghgﬁfe ?ké‘s@ﬂn cabl e.

Mnimzing the size transition portion mni capaci t ance
devi at i onnemdioniimilidizges trahetioreppriioe dn spacebdik sieeof thekondukcwr setnduct or set s,

th b duci h t t pitch lor.i [ th l.ectrical
S0l a1 o BETRLCH AR R conreRiondebie St GRER R Sorff i ot § on o
the 1 anSighkAnaAAPO:AN 00G: LiRrlIGh sty ol ehied elagk i cal cabl e

contributes to obtaining predictable electrical behavior and consi stency,
whi ch i s ihsybesed eondutior, diiag hdespadatiplanablel wherghm 4 shiedd isgenetidly cententouslyal

data,can pe reliably transmtted, and bec S re inportant en.the size
o The o st 4R%s blERP TG cpBiGny A DEReRRIeSs LARbB o tBFRI0R: St o
that is qfrbate GBS e@fodthghstid frefikhahartesfilst b norpedaneetoichiche
transm ssi on 25line.. AnywégPedance changes along the length of a

t ransni ssicetptablpelestigal papratigroliethe shicklsd cloriricat @blas gerordigetn aspsefs o€ ghe

i nst ead I nsm lde 1 ission |ine
Wl hava mat Mol AL GRE ol P B A e Siohlovpd P BAERRRTIRS 01,

i nt ended cqptidat ahpaenof thatiaatitiom portipn t ©g.5bl Bihimaxing ehcatwaiitladdransitidinot her
electrical characteristic that is often considered.in tw naxial cables

(di #e.r erRr&M yladof@r qugfogv&slﬂﬂﬁ Porsfttguaﬂ@&@iﬁhet rsEpnOr %@%@& of two
transm sqihh b #EShRIdc cRRIcaPEANY Mihirh A3 th&siPObE th@ HaRlitibifbikioh €ngt h. Skew
produces conversion of the differential signal to a comon node signal that

can be r ehingoizesithbaepacitendchievetion eed mmdussshd tequiredaspsne be¢tedersingtiglle
strength, creates 010/ 148164PCT/ US2010/.038939 el ect.romagneti.c

radi at i orﬁongvf%foﬁ%ﬁ*?{e XI'? Cf“r%%‘ﬁ%_‘al s é?l‘t?ﬂtf apdgr InFLdng TRyl ar
jitter. liggaddnybetReddPdond@tot ol ERtFSl BRtrbl JTaBe VdriflguP@v of thetk@itioRut |
dependi ng on the intended application, a differential S parameter SCD21 or

SCHAQ® valneetiqy dpree derighyof the skiclded eleatrical cably wowtesriodbtatgiy er si on from

one end of t.he tr nﬁﬂ%ﬁ ion-qu?Ctomghe 5 HQ?&%70f|eS t ha to -30 dB

- 2
up to a fPEYHERES"S BELSY AL ISk ey. iyt “‘éﬂ%?ntfrfgﬁ/hlﬁe “BcCept abl e.

Al t er nat itmkiissidk @iles enthbecls@Asd ded dan bt Reiablyneanditeddn abecomgpaloesdl to a
requi red specification. Depending on the intended application, values of
| ess t harim@pdat vapnghe Hseelthe frratier perHer 3nngh be prpdzedp Ay clesticat han about

10 ps/m r@ﬁ){ra@ft‘aeri '&eﬁ'lgf QRkEn cgfsfid:e%d. R LAkt ishE gﬁped:llg@e'(;f%ﬂe trhfbnR&idn L O help

achi eve accepta ectric
25 line. Any impedance changes along the length of a transmission line may cause power to

be reflected back to the source instead of being transmitted to the target. Ideally, the
transmission line will have no impedance variation along its length, but, depending on the
intended application, variations up to 5-10% may be acceptable. Another electrical
characteristic that is often considered in twinaxial cables (differentially driven) is skew or
30 unequal transmission speeds of two transmission lines of a pair along at least a portion of
their length. Skew produces conversion of the differential signal to a common mode signal

that can be reflected back to the source, reduces the transmitted signal strength, creates
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10properties, transition portions 1734 of shielded electrical cable 1702
may each include a cross-sectional area 1734a that is smaller than a

Cross- secwpansl148rega 1706a of conductor 1706. As best srOEUS2010/688939 12b,
cross-sectional area | 734a of transition portion 1734 is defined by
transition points 1734', where shielding filnms 1708 deviate from bei ng
substantially concentric with insulated conductor 1706, and transition

poi nt's 17beptromggegti radighes|agf depniaticalty meeasatdhs bit errer igte, BepaidcWybgteant i al |y

Il el. iLi 1 Cf: -. - : i d
por 1 on 19507 Gal P Ran RGP IS FAECE 0%, BERRRARE e LIGME P, 1O
conf or mahkipplicadioasa difclanyiel S-parhtheror S (T3Meorss G X¥kates@eprasenting tencent ri ¢

portion 1708', .and a thickness in transition portion 1734 that is greater
t han t hi <k %@gﬂﬁ*to Pﬂmer@ﬁégﬁerqoevgélppi?w noEd of e irangpigsion g g thabl e

adhesi Ve_dtﬁ’éf?f)f [:4s1BadTBY 18 O5RYSB 1B tb Q'ﬁ%hﬂ&ﬁ of HtercbtNsRAB@ld &! 6 BRIA hR) vt 708",

and a thickness in transition pgrtlon 1734 that 1s greater than thifckness
Tap i n pacadftdle. pdtarmasrvelly7 8w caBdrfrocavatziden ddttess dembiayed compiredaya
represent at. | east..25% of crqgss-section area 1734a, Th resence

Cont or matP RV IRdRGLT e 0k BEDTRES Gint (S ed BRETGAT. ‘a0 Fawdan pfour 2
parti cul gicqbcchdbhiceds Qﬁsﬁﬁ? hA@pref@aldly @At BlantaBam 1ok neSDehcctatifli ckness
Tat" contributes to the strength of "transition 25portion 1734. Careful

control of thdefemngdeckuiolrigs geadebsnaad te heprahievd adcepthble stactirdabt i cs of

the,yvarious_el.enents..of shiel |l ectrical . cabl 7 may._ reduce

Lo LSt Attt nafibSLER of Kielekh SRk RN B2 sk Rl R unesi ve
| ayer 17I10odskettichabirbh 0T342ahitii©BmAlTes4hanvddrods-d¥atiorna ated NM06Ls@adY@SH at i ons
in the capacitance of cross-sectional area | 734a. Shielded el ectrical

cabl e 17070/e4s Peit plhipyen @ Kig al?di erosnsqstpral grpail73da poisansitionaertin B@drie or

both sid ohd 4 t..d.NEG r < i arca 1734a
that is Zﬁggggﬁfﬂgﬁﬁéﬁggﬁﬁ%1?%96?5§%nggﬁﬁ¥ﬁ§%igﬂﬁﬁgigﬁiﬁﬁ ﬁ%n area 1706a
of conducubstariti&lly.cotunaideth élsekitadi cwatuaabl 76 a2 ramiyion polntd 733’ s t i on

portion 1734 positioned on ope qr. WD 2010/ 148164PCT/ US2010/ 038939 bot h
si abs ot tﬁ_%ﬁ%?lk?s R achthac Fibeinicy beleaidlvapeuT deaadionBIaat 621734 ¢ hat
'S _subst aRkichal dreh N3 AR AlRAGaNOR pROGH M2k, SONANELGHS FAAO mafyde exanpl e,

cross-sectional area 1734a nmay vary |ess than 50%over a length of 1 m
Shi el ded sebgeitrallydhe sai. €udtid2camgrmabtd adtiesive hiysi 1716 mMmayorave @ribichm34 T

positioned on both sjde f, cqnductor set 1704 that ch i.ncl ude a

Py oss: cadtic gty natig D, GRS I b v i PERI s R e 6 uBn | 7340
i's subst apickadsk ¥, lilRos@ABi A RMIEh 1118’ | ﬁﬁﬁﬂaﬂy,cﬁonﬁﬁﬂﬁﬁl%ta@heleeOlﬁgerﬁq'l 0 exednp! e,
the sum of cross-sectional areas 1734a may vary | ess than 50% over a 'l ength

of A0m dnvepduckneseEpin paallelaorteon V93 nayd ¢ Hetkagessintransigpn petiopdrd34 ons
1734, POt TS PWRFMLBLIET O ANIGHRR R | IR RSR Il 2
1710 may represent at least 25% of cross-sectional area 1734a. The presence of
conformable adhesive layer 1710 in cross-sectional area 1734a, in particular at a thickness
that is greater than thickness T, or thickness T,,, contributes to the strength of transition
25 portion 1734. Careful control of the manufacturing process and the material characteristics
of the various elements of shielded electrical cable 1702 may reduce variations in void
portion 1734b and the thickness of conformable adhesive layer 1710 in transition portion
1734, which may in turn reduce variations in the capacitance of cross-sectional arca
1734a. Shielded electrical cable 1702 may include a transition portion 1734 positioned on
30 one or both sides of conductor set 1704 that includes a cross-sectional area 1734a that is

substantially equal to or smaller than a cross-sectional area 1706a of conductor 1706.

Shielded electrical cable 1702 may include a transition portion 1734 positioned on one or
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10sectional areas 1734a arc substantially the sane. Shiel ded electrical
cable 1702 may include transition portions 1734 positioned on both sides of
conduct orween10liA8ss wherein the transition portions 1732Cans2auisgoanti ally

i dentical. Insulated conductor 1706 has an insul ation thickness T" and
transition portion 1734 may have a lateral length Lt. that is | ess than
i nsul ation thickness I. Insul ated conductor 1706 has a dianeter a, and

transi ti dwthsgeraficopducraschbipdibaianeudestacirass-seeiiiiehance 17t thatds | ess t han
di amet er sgb%t;-tﬁ%ll #d Or ﬁ?@%g el %nﬂﬁﬁ&r 1 RBIAE G p IR RL Ok flald

characteristic 1 npedance Ins wthin a desired range, suc
e.g., W tdatanl 344 0%yofaryalctathge 50Yorpedamgthvet] lua, Ssivibd akctriealgcableSITOOTs,
over a given.leggth,.such as, m Factgrs t hat control

. q., 1 t
conf i gur dEFHRCBAC {RATEeR P%O%lreﬁ%dwmil?gﬁd%l%ﬁ stdqeo %‘W&Pﬁ%?eté@&gma‘él ded
el ecd 1| Calclt ARl RIch (sl B dilParkl &7 TANUKACHHAL Olin R 0RESSeciblE FOLakBESS of

conductive | ayers a and non-conductive polyneric layers 1
conf or nabb sutathnésllythelsaye nlohg 1t leagtll of hendvotvd 1306.dogehan@t ywbesumosul at ed
conductor 1706 and, shi e

ing filns 1708 name, a fe | n,Qn spect,
conduct orcrSRmeatl Sk LR Y PETRE I P0n 0 oL T IReinl o SRE R 261734 are
cooper at if&@h¥cat 04é JrIeMay thehiics MRRAMICL GO Ik poSitioh&l & bARSIIEPof AN .
i npedance controlling relationship nmeans that conductor set 1704, shiel ding

films 170®ndegter scf &) thitoaclpmctiuden cagssceiranabyopét Hai whtigincbatiogsr ed t o
control the.characteri,stic imedan of the.shielded el ectri | cabl e.
20 oL6 ©) 5 s 3SiSHPRRR £BuR bl e SRETE B S, SEid TR eE RS L1haf 0] Go

el ect ri cahcld@eailseiong@eticisng 34 podapetch ith sides G @aeidtor sav €704, aeienc! udi ng
two insul ated conductors. Referrin i 13a, shielded electrical cable

to Fig.
1802 i ncltheigansitiaf pRytiensclydd e %ﬁbst@g&ialt%afd%%i% Hsyiatesl candueansiOoias an y

Dot01 1481 BTRC VBT 5 abLb RGO poroi P PR g RTUPREES 10 il Lo g0
are di spabadinauletiordthécknekscl dnsdattd t@iictofn 70phisandibmeten Dorame btaasiedinesi ve

| ayer 1810 i.s disposed between shielding filns 1808 and honds. shi el di ng
fil ﬁ% 18091 Eadrmat e adatepdignety Idééata% 'fe%ﬁ%lalaé@mﬂegac- Tlf%wﬂquﬁsm at ed

conduct orgn & 804+ & &R SRAABAVORRE h VI d dhafackirREt fnldane @adcghigctively in
a twinaxial or bdifferential pait cable arrangenent. Shielding filns 1808

i ncl ude avitlonduesiraderahgy euchl:B808ga., amtdinaS-ho-aartaiget invedpaleywabrei suchay.er

1808b. Cbndqﬁ}bﬁe Iayer 1808a faceﬁbinsulgted conductors 1806. Shi el di ng
films 180851 NEPHRS VShe 8HEP IS ts S-8806™ subst anti al |y concentric with
correspondi Ng GRREWGEOEGHtrbBRS c@ﬂﬂ%&@tﬁ(ﬁi datanBRioh ip8Rfon1&88 alond elicicRgairel di ng
films 1808 are substantlaII%mPara | el . Shielded el ectrical cable 1802

i ncRQdes shidedrpiotrieahcade 17Gnacluggthegoyivfachnag macdsithe didkagsssff conduct or
sel 11604 c;[orqgﬁctgg(fapyeirsnﬁogggn(? non-conductive polymeric layers 1708b, conformable
adhesive layer 1710, and the bond strength between insulated conductor 1706 and
shielding films 1708, to name a few.
In one aspect, conductor set 1704, shielding films 1708, and transition portion
25 1734 are cooperatively configured in an impedance controlling relationship. An
impedance controlling relationship means that conductor set 1704, shielding films 1708,
and transition portion 1734 are cooperatively configured to control the characteristic
impedance of the shielded electrical cable.
Figs. 13a-13b illustrate two other exemplary embodiments of a shielded electrical
30 cable according to aspects of the present invention including two insulated conductors.

Referring to Fig. 13a, shielded electrical cable 1802 includes a single conductor set 1804

including two substantially parallel longitudinal individually insulated conductors 1806.
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cross-sectional area 1834a, wherein the sum of cross-sectional areas 1834a
is substantially the sane along the I ength of conductors 1806. For exanpl e,
t he sum ovOepogR8wect i onal areas |1834a may vary | ess t haoTAG201008893@a | engt h
of 1 m In addition, cross-sectional areas 1834a are substantially the same
and transition portions 1834 arc substantially 15identical. This
configuration of transition portions 1834 may provide a characteristic

i npedancel vogensadly nast el shisldinegdes (180 grecdignogediyronpdicandyrtor eqtd §04.An

iLioe . Ve 3 b s 6 i
oo ar xRl TR IND 1 OB RE BB Tun onld 7
I n addi t itends sHi¢ldingdiifis 808 to @ish othet babsihtsides of osriduotos sd8304 nayulacdi m ze

skew of the two ¢ uctors 1806 along at |east a partion of their 20l ength.
Ref er ri ngORBUter _1%@5 Bre aspfdorederl g dn ?’@éle s 48 pgstiely 8 iiasiglr

shi e d“v‘daﬂ‘?ff&%hﬁélaﬁlr SER laﬁaﬁ%ﬁ%‘?ent.\gh%l&ﬂﬁ iH ?%K&seﬁiicﬁ:lldg %%Bﬁ&&'ﬁv% gagrllael d392 has

i ndi vi du y I nsul ated conductors 1806, shielded electrical e 1902 has

jointly iandalmnedndoricepbhnseritddEr 1808te Cvalleds e l4yeah80&ai facesporuldtehs 1934

are identical to i.ti.on_portiaons 34 and provide . sane benpefits to
hi el ded corguomdiPe SiuRe oB5° 1 ARRU Saltehub Y S BUF B S er

exenpl ar Yeoppdh@ad WRACSr&poAdinRicehdR el € ddGakal kAP EoARS FEURH WEerbia aspect s
of the present invention including two insulated conductors. These

exenpl ar yphwhdogiireni &%are sibstaanalkyparell¢l] Shiskdedelectvigali cablecdB82iinelystssi ti on and

conflguration of the t sitlon,pontions. Shielded el rical .cabl es 2002
(PP OV SRR ol kLR BRI 7 RERH B B By M REh R ap o
1802. Whesieascttionahireh dg3tachlieleld ®alkud Qe a)se sdotiddal peusalsB4l ispabdtamnagy 1808-
of shielding filnms 1808 and insul ated conductors 1806 are arranged

gener al | yhe prae alppgythe lengahafl candugtpisgi®§e dhasicgamplee Bic semferossgogionnd 2102,

P e PO 3Bt AR o8 b gh Y BB AAIE 2
L P oy o T el L D L A one . roal wdi g
t hat? t raﬁé?%ticaln TE&FPPBE@&%@BQ %lt@f@@ﬂ&%é 1%%% W?@%Vad%%g‘?f%ﬁ?fisélﬂ y J

symmetri qa{ﬁleé(an% &k daBiS B&ifcductoP 1 mgsﬁ%ﬂ)&&ﬁieﬂgaﬂoﬂas&ikﬁ%&ﬁaﬁ H&icRTiRat 3QH6 and
2106 and that the configuration of 5transition portions 2034 and 2134 is

car ef ul | yememtwithih edlcsiraimgngdsudhersge.b., ofithghd-@ DYed aghipet mipedhnewakles 2002
and 2102, shielded electrical cables 2002 d 2102 are configured to stil
provi de é)(%;gf)glélml geng%he éltlcfhi acsai:.g.p? %gptaag]gpn,atﬂls congguratlon o transglon portions
1834 may minimize skew of the two conductors 1806 along at least a portion of their
20 length. Referring to Fig. 13b, shielded electrical cable 1902 is similar to shielded electrical
cable 1802. Whereas shielded electrical cable 1802 has individually insulated conductors
1806, shielded electrical cable 1902 has jointly insulated conductors 1906. Nonetheless,
transition portions 1934 are identical to transition portions 1834 and provide the same
benefits to shielded electrical cable 1902.
25 Figs. 14a-14b illustrate two other exemplary embodiments of a shielded electrical
cable according to aspects of the present invention including two insulated conductors.
These exemplary embodiments are intended to illustrate variations in position and
configuration of the transition portions. Shielded electrical cables 2002 (Fig. 14a) and
2102 (Fig. 14b) are similar to shielded electrical cable 1802. Whereas in shiclded electrical
30 cable 1802, parallel portions 1808°’ of shielding films 1808 and insulated conductors 1806
are arranged generally in a single plane, in shielded electrical cables 2002 and 2102,

parallel portions 2008°” and 2108"” of shielding films 2008 and 2108 and insulated
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In further exenplary enbodi ments, shielded electrical cables according to
aspects of the present invention include a plurality of spaced apart
conduct orweebn/@sreanged 10generally in a single plane. EBathiScanassysor set

i ncl udes one or nore substantially parallel |ongitudinal insulated
conductors. Two generally parallel shielding filnms are di sposed around the
conductor sets and include a plurality of concentric portions substantially
concent r i©ngiaters 2006 a1 Worase piranged it Gt Blascame agepil fransition pertigay al | el
portions r.el [ ' [ r - iall -
pIuraIitiﬂggaﬁég%%?ZP%%‘gggkl ﬁ%hgggwﬁggnﬁég%%?ﬁgbgﬁ?%ng%%gﬁ+ﬁé%§ﬁénd t he
conduct ortraneition ponivnd @034 grdtiddlard pesitsorictd aubdnaitiate gyrhimetrialtg eqthrrespepror t i ons

and the parallel portiops of the shieldi films, The transition portions
may be pd8 iCPlir%%’_QH‘%B% 54 aﬁdﬁoaegct%rﬁggﬁé ﬁn&mﬁ?@w&a@& CONEEHTRROP! e, t he
shi ef ded gl eih ngg)ng \%ﬁi@ar{@)’l?ﬂ&{:&%%ll? CSMMaaa%%;}dgieing{heof%ieT&he

conductor sets erein insulated” conduct or effectively

ar r anged dlevtracat ozblesal003 rand 2@, shiehltd dlectrtiabcanl as206 2 et 2 ] 02aard cBfogvecdio nor e
conductor . ets.é$04, mgﬁrfink¥Psulated conductors 1806 are effectively

ar r anged S PAOYIGF AURPAPICSICHi®t BIBRTICYI pair cabl e arrangenent. The

conduct or set gy fgdh@lefémplaty dBodmentt [ ARSddd PR EAES1cEBMiIM O aspects
cooperatively configured in an i npedance controlling relationship. Figs.

15a- 15c, ofgheprgsehoinventign inglude 8 plusalitly obsprsed epashgindpgtoesatodiangad s of a

25shi el ded el ectrical, cabl e;accordi to. aspects of the present inyention.
o) °1 6atngghs hA SRR CCr G R A i RRREO B ap bt SuBRER T puriit

enmbodi menbsgiffdiral fRtRtdd&on@stérs ONwe berdera i RirslRd sigbRiady filedlar€ digp&eaccor di ng
to aspects of the present invention. Figs. 15a-20f are specifically

i nt ended areund the sendyetor ssta prdl weluge alyalityiof epngsairic Rortiensaubstantiadif i gured to
electric i r i i cal e. The
conduct or LGtaSuRhG B SRREHE Icoilaidhs sh B pRAEY B R Bl ATEAGR wREI . Toe
(e.g., taheshicldingdilorassiubktantidiyvyedlchd) aesity obtrasiticor petds, defingsby 15a- 15¢
and_ 16a-16q). .or m t he ext er nal enviragnent of the shielded electrical

or f
cabl® (e.tg¢ ?Shl?lén}%irfﬁpﬁia? the RV SAGHITPYIdF d@radupldenstoa betwsed it ne WO
2010/ 148184RGTHUSAARY Qﬁl&ﬁggar??%lﬁo?k%s%k%%i&ﬁhg ﬁﬂm.erh%%llgheﬁ ' zl%ns

el ectromagnetic I nterferenc external sources, Figs. an Oa- 200.

| n bot h cazels pasiteonpd oalbbtl sigesof karh coagudtocictder vaamposthesivbldad clatbtrical
structures %o realiﬁe t he elfctr%cal i sol ati on E&ggﬁ@fs i ncl ude gbose
proxi m t 2B PheEHAS E GPRGTEfIPRR! ot MQRE SPRIHCIr e JARE AT AR B bet ween
the shi el Ghagctdd 1708 is FFQURELy ASRARSUCTH A DakiAPér SBHE cilictd REb1c AfrahFtehdn€ Gind
electrical contact with at Feast one of the shieldin s, extended

fil
di s2@&nce wetoREwc eeijdacionsets bR athercin mselated ppaduciors ﬂ)g@a«rg cheetivebn adj acent
conduct or_sets iq;ernitte t~~cont act. of. .t he shield&F%C&Lfngmtg each ot her
oth, andotand

di rect |y STEREHORGHPIIR AT e Bs BRIty et uctive
adhesi ve,shiciding fitm@arfEttansitionPoei@s pesthe @opataldlgorfitikddin aafimpbeangdi el di ng
films is defined as_ a portion of the shielding
controlling relationship.
Figs. 15a-15c¢, 18 and 19 illustrate several other exemplary embodiments of a
25 shielded electrical cable according to aspects of the present invention. Figs. 16a-16g, 17a-
17b and 20a-20f illustrate several exemplary embodiments of a parallel portion of a
shielded electrical cable according to aspects of the present invention. Figs. 15a-20f are
specifically intended to illustrate examples of a parallel portion that is configured to
electrically isolate a conductor set of the shielded electrical cable. The conductor set may
30 be electrically isolated from an adjacent conductor set (e.g., to minimize crosstalk between
adjacent conductor sets, Figs. 15a-15¢ and 16a-16g) or from the external environment of

the shielded electrical cable (e.g., to minimize electromagnetic radiation escape from the
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10films that is not covering a conductor set. In Figs. 15a, shiel ded
el ectrical cable 2202 includes two conductor sets 2204, each including two
subst ant iaDI2g10p@8wH| el | ongi t udi nal i nsul at ed conduct or #C2238)10a88$3% WO
generally parallel shielding filns 2208 di sposed around conductor sets
2204. Shielding films 2208 include parallel portions 2208" wherein
shielding films 2208 arc substantially 15parallel. Parallel portions 2208"
posi t i onedialdedidtciicah cabnanrtbmsrmizstclecppegaetis inisHETga Bamextandsowicesl | y

0202 paraly 49 R 252500253 0u] LRI, ROl Boioh Tnd/Hh Bl HE Cu i EEALCh iRl 020! ©
Cﬁ“dfﬁéﬁrmm??f“m ey stisivi o snivs et g el i
;o: ﬁcl ud.%ﬁgﬁ @ﬂ%ﬁlﬁ%ﬁfw Cﬁ%ﬁﬁ@%ﬂ?@&er@@ﬁqﬁv@%ﬂ* ling Bims.g6oWner al | y

parad | el
S ol o ng°%PP?4t@“S %&?ﬁkﬁﬁ‘rﬁﬁgﬁ;f%“s%@f’a?ﬁ%%%l?ﬁ%ﬁ%t@%%qéﬁzﬁéﬁhéﬁ%dl Teng

filns ZSOEnHr@d@ubéﬂamnmabﬂywpmaahMﬂmcmﬁmpakbﬁsImgmtﬂdm@mﬁba@%ep05|tloned
in betwee

d 304 fi d.t.
oot oAl S e ek iha R oo o A BrodiBe ShEStd - ERp s SRS 55
paral | el gp@pt 1bﬁ@1&d215£1%0§ans%rs§1'9' &Ilﬂiﬂp gtnfi 'cl)ﬁ@,lcae’@gd@@i@e'tashuhﬁtaqgwcﬁlr&iéc'[ ors

2306 are arranged enerally in"a sin ane. In Figs. 15c, shielded
el ectri caiSpQﬁ'&tﬂ fesrgl 0 poitinp |ofi hessh mb@ng%&rdwtd@ﬁn@cb@sa portian obthe tshickingidi ng two
sub§¢antHﬂ ar%nce Hpn nﬁd%nal i nsul ated conductors 2406, and two
generally p ra el SRy rf&i P?RB(§408 di sposed around conductor sets

2404. Shi el di ng F3g. 54, @ﬁle%@&dcmbhu@@momoal1hahdersavvblc@ﬂ@c2&@8ts 20041t
shielding films 2408 arc substantially parallel. Paralle|l portions 2408"

posi ti onglc Mixmgéw/é@ﬁt%laﬁﬁne%raklelé@@%tuéu@hmévléteé@ﬁndwréa2Q BB rically

v 20107 1o apERP R 0 bAS P08 PBLy Hopng Eorbllb B RIS, CFdi ng
films 2408mar2d0% nmluchtpachlkebprduoﬁmz{)82’401&ramh@tdlﬁglﬁ&nis 2208diré fiisentialpl anes.

In Fig. 16a, hleld d electrical cabl 502 incl des a | | el ortlon
2505 “whapailiel dhradte PRGOR s nsHionedi W%f‘d“é’b‘ pgtor Sgbsa?@ ﬁg'lr% jgured

shi el di ngq ele'cﬂﬁaﬁf%laté cchductBPleto MR M SRS ELNE JHid1i&1 doQ8cdTRkg e di r ect
el ectrical contact continuously along their seam 1ncreases the strength of

par al | el 22021 pavailek OBions THIE’ ofsshaatdiagVidms 398 adenssited tolelic®ie2i06i acal
cabl es wherein, rel ati and fragile shielding filnms may fracture or

crack duﬁ?ﬁ@gﬁhﬁﬁ?ggyd?Pﬁﬁgﬂﬂﬁpﬁ?ced to make direct electrical contact

continuously ghong. 1§ hgishickREMccRRACEIM 2902 ihcladdsaldiBadididrets2508, JaBY
permt crosstalk et ween adj acent 10conductor sets if effective nmeans are

not 2Qsed ngudiagd goe langdudinglgnsudatid pendaptor 3306, @ahsyag¢ngrally parallel shielding
films 2308 disposed around conductor sets 2304. Shielding films 2308 include parallel

portions 2308’” wherein shielding films 2308 are substantially parallel. Parallel portions
2308’ positioned in between conductor sets 2304 are configured to electrically isolate
conductor sets 2304 from each other. In shielded electrical cable 2302, parallel portions

25 2308’ of shielding films 2308 and insulated conductors 2306 are arranged generally in a
single plane.

In Figs. 15c, shielded electrical cable 2402 includes two conductor sets 2404, each
including two substantially parallel longitudinal insulated conductors 2406, and two
generally parallel shielding films 2408 disposed around conductor sets 2404. Shielding

30 films 2408 include parallel portions 2408’ wherein shielding films 2408 are substantially
parallel. Parallel portions 2408’ positioned in between conductor sets 2404 are configured

to electrically isolate conductor sets 2404 from each other. In shielded electrical cable
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the electrical and magnetic fields nust be contained to the general area of
the conductor sets and not permtted to inpinge on an adj acent conductor
set. I n twe2empasioaent illustrated in Fig. 16a, this isPathiSemen3syyo
providing a | ow characteristic inpedance between shielding filns 2508. This
may be acconplished by spacing apart shielding filns 152508 at cl ose
proximty. In one enbodi nent Shle|dlqufl|n5 2508 are spaced a art by | ess

t han aboR408, pesalighppitions 24Qka sef biriding &dms #0S#ndgardated ponsleetor The

resultin t edance between shielding filns 2508 nay be | ess
t han ab08¥&@g&gﬁﬁ§&% dﬁ?kgpresultlng crosstal k between adj acent conduct or

sets may be | daFig.Han, shivdddd el@brichBcalla 2 Sokinehidoda paralic] ppetical 150B° por ti on

2508" has a mn ckpess of | ess th n about 2 3
enbodi merth er@H.S@W%P H Qi&%f%@aa? ap@ﬁa Rt S&ﬂéﬂ%g&%%hemﬁ um
The sepangl|y g@h{&ﬁh mrﬁmsdgr}ﬁékéd(ﬁreepaéaﬁ%%ﬁm&%ﬁﬁhﬁ{&dﬂ&{g &é&Qea n One

enbodi nent , he separation nmediumhas a dielectric constant of | e
1.5. A hthedmeﬂenmﬁnghcﬁp&mﬁduxmmmrﬁﬁ§€sThheswhahaumgcos@nbmmhﬁedance

bet ween shi films 2508 e the crosst in reaS|n
Che of ocregit FadaPaRT DRtV A B HiciBla s e i st uf ’
Films 2508rinp n kRt Hnkef for&ldas hidke Alre GUMAGal %ﬂtﬁbt%@ﬁtﬂm@hﬁg laldni3 tRdir I east
one | ocation of parallel portion 2508". Shielding fil may be forced

t oget her scamsEpagorg apert|shie lmg)ﬁbnsa%ﬁ0§unatmﬂr@nfcmsstaﬂebatm@mﬂe@eabp| i cation
such, t hat ¢ nfor ble hesi ve 0.c nf rns_ar ations.
i L0 can SO0REeRar At R WERBLYRR (ERR fbRT g R KR cr
cont act hﬁé &\Ieetﬁcslrunalneugmgud ﬁélﬁ@nﬁﬁo& dontadi¥dhe sie: depeail a&u&fth’éfbaﬁ@udt@c ations
may be patterned |longitudinally or transversel I n_one enbodi nent, the
separ at | GRISHEENGRPGTENHaSE0AMBHILE OB 4N g a8 GaRdUCHs selo e sMbodineaE t

5016/ 146 LuRER AR AATERS NrR WY phodififhe 5308 chlrcristie impedance . p1

2602 i ncledescnahphdiag Fihs P3Ot Thiz 2608 accomplighicd &y apdadmgapandshivdding fibun d

con ctor 12 di sposed between shj. Id| g fil 2 (}oun con 2612
nch> 5§@f CIRISPR IS, T B HERO ?lﬁmgﬁﬁ@sggﬁ% A Sme %Y%Séund

conduct Orth £BARub8S 3 nrh Madst ef?@ro%aﬁ&l a@%ﬁnﬁ&lw LOER eslﬁl%ciEsutltﬂlgs hi el di ng

films 52608. In other enbodi nents, ground conductor 2612 may nake direct or

i ndi rect oéhmcterlsmaimpbdmmcadietwﬁemrshaidlhgﬁkms 28 ody bdlessthare hbbuuQS fQhnmss 2608

in at | east catlo aral |.el ort on 2608" 0 enbodi ,

shi ol deq ‘DB RrufRe biotuReBReR A RiuBEoad SlReR i b latBaT R0 ydib 2610

di sposed 1hghweRBoginicat @lafaglef ¢drff§n 2668° R AR LAURRENSS oPIQYihdg ab@At r ol | ed

separation of at | east one shielding films 2608 and ground conduct or

26120 In 011)?()@@1 as pecembedimsniyskigldingHams25A8 @f@rﬁ@bcpe@ a@aﬁ@ma\ﬁ@pm&w 2610 has

a non-uni for ?hc&pg%( tha%ugllgyﬁ ﬁh un%ﬁﬁgﬁg em %%ﬂt gqﬁ% direct or
i ndi rect Brectri ¢4 pcon Wit AEL one % 2508 in

sel ecti VQ:nh‘tQﬁﬁhcthnﬁe a@asaﬁohabécﬁuﬁlqms ] hﬁldc&icﬁd’dﬁl@t@nﬂmk ldﬁ@ttll ®M high one
enbodi nent_, %round conductor 2612 may include surface asrerltles or a
def or mabl dclgftrie constrak daeeases he charaglefistirdawedince betweep sbiglding Hilss2¥08nt r ol | ed

el ectri CEﬂlelreby decreasing the crosstalk (increasing the electrical isolation) between adjacent

25 conductor sets. Shielding films 2508 may make direct electrical contact with each other in
at least one location of parallel portion 2508°". Shielding films 2508 may be forced
together in selective locations as suitable for the intended application such that
conformable adhesive layer 2510 conforms around these locations. This can be done, e.g.,
with a patterned tool making intermittent pinch contact between shielding films 2508 in

30 these locations. These locations may be patterned longitudinally or transversely. In one
embodiment, the separation medium may be electrically conductive to enable direct

electrical contact between shielding films 2508.
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15cont act between ground conductor 2612 and at |east one of shielding filns
2608. In Fig. 16c, shielded electrical cable 2702 includes a parall el
porti on 2v0&010/msleadi ng a | ongi tudi nal ground conduct or PRTAR2@i08p8sEd

bet ween shielding films 2708. G ound conductor 2712 makes direct electrical
contact with both shielding filnms 2708. In Fig. 16d, shielded electrical
cabl e 2802 includes a parallel portion 2808" 20wherein shielding filnms 2808
make direct elledigiloh)shicddedaiectiifal waldadh0pigbideny paaliclpgrtiamitd8mreans, such
as, e.g.,: UGt % Vel e a
conduct i \}Iéag@gggéb%ﬁq%lqgqu? @Iﬁgﬁcggﬁl,du?% ggﬁ uag:l%( ?/Sg&ﬁ& Wegéﬁéélgn%rﬁl‘gﬁ?r?ﬁgl , or a
conduct i Weroandesiduetor 261 hmakeesandiesvt clettrichlonthoewith botl saddiep ébhs 26, cabl e
2902 incl udes a paral | ortion 2908" 25i ncl udi ng . an openi pg, 2936 in at

| east ondIIOBRAEHHCOF 251% S 3PWEBH PPRACTRIBRCdAnCH WHNHE CHidP l,elcfs% A

por t4 on 2808" i gth &RHB B HA YRounPREMEbr 2838 T KAk rAn LB eleBrical |
perforation, a slit, and any other sultable el éenment. Opening 2936 provides
at | east wommet Wik et least ophySiheahickpafims 2008 inhi lehst ooatacation efSparadle he

electrical Jiso 1,0 erfarmance qf. parallel porti 2908" and i ncr.eases at
Cenct "t naorigrord LBt EnGR. Qo Bl St B 8P Sbides 8 Supatare o
separati QidhEdye lla?er_c%ﬁg@Eh&abﬁ@d%ﬁxzééh%ﬁ&_ldiﬂ%ﬁlrﬁ@%d% geNil claﬁﬁg«h%@to ﬂ%{zidieon 2908",
and may be di scontinuous across the wi dth of Earal | el portion 2908". WO

2010/ 148 1enpgivdsspardpnaBgdeast one of shielding filmeL60Snd| erleun dedoadnatorcfil2chbl e
3002, i ncl udes a. paral | el rti-on 08 wher ei | east one of .shi el di ng
P oot als Mreft BRI R Rl e LS LFt b oS ERbm AR S iR
portion 30&8llowk BréindebndtdD612to MaRS Hir€der Bidirséti cbdotidag crithdrwiBQOA8 i s

di sconti nuous. Break 3038 may include a hole, a perforation, a slit, and

any ot herleastipraf sbioddiag & 2008 nesslecnonigcsiony prabtahle foetstintgpdad | evel of
physi cal i 1&h: t I ri iesal at |

per f or nanai)gﬂg%ﬁ%pa@a%nlee %@ﬁ%@,ﬁ@@%ﬁgﬁ@o{ ir:b?r2 %@g@cgﬁ QF%I?ZC? a&#émlggf) er al
f1 exi bi | iddefainabhi wirdadclebe ety iacadandabl ee,30pvidhths coapaliat dlanricehy be

di sconti nuous or continupus along the |ength of paralle ortion 3008", and
may be qi@e@ﬁwmﬁwrawg%ldpﬁérgﬁ)l&taﬁld&ﬁ I3aironeragbhigsHng ﬁlﬁr%s?é@&. 10in Fig.
169, shi el ded Iﬁ|P?§tl%b,cs%kel&'e%tgl@ct§éa@gaﬂl@?b%ﬁluﬁe@@?ﬁhﬂlﬁl oRRYntd708-3108" t hat
is piecewi se planar in a folded configuration. Al othgr t hi ngs bei ng

equal , a ipi¢lediegiadengtudmat gpandtdrelucipol? 1 bdispasd hetgreeasteel dangt fuals 2408t h t han
a planar parallel, portij havi t he sa r oj ect pdih. Lf t act ual
i bt or GoHEN ar1asPher koot sloR et Eefb e Fib Sldis bt fsen «ne
shielding filngFi@ leavhidddat®fita chifle DRPEHRAEGES & p&UlIéIportidd Zpgcont ri but es
to 15the electrical isolation performance of the parallel portion. In one

enbddi menvherginshighdieg Bimss2808 maksaligpicleaticd] eeutagthyeth Gich otheo bplams syitsbld ts in
good electrical Jjsolation, Ln ope e i nent aral l e rtion Q8" of
Ire de arinsreh 3P QsRlou F ST, CRl e R R R Bl BRI BREE g

rati o of cahdhciasiplded ¥il of biean@sh@domtidtive fiREdl bk cldhtl, 6na 3dBictivés pre- bent
and thereby increases at least the lateral flexibility of shielded

el ect ri catdhgsips, go name a few.

In Fig. 16e, shiclded electrical cable 2902 includes a parallel portion 2908’

25 including an opening 2936 in at least one location of parallel portion 2908°". In other
words, parallel portion 2908’ is discontinuous. Opening 2936 may include a hole, a
perforation, a slit, and any other suitable element. Opening 2936 provides at least some
level of physical separation, which contributes to the electrical isolation performance of
parallel portion 2908°” and increases at least the lateral flexibility of shielded electrical

30 cable 2902. This separation may be discontinuous along the length of parallel portion
2908”’, and may be discontinuous across the width of parallel portion 2908°°.
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203102. Parallel portion 3108" may be piecew se planar in any other

sui tabl e configuration. Referring nowto Figs. | 7a-17b, another
exenpl ar ywoerzhodi4sent of a parallel portion of a shiel de#Celuseaniossass cabl e
according to an aspect of the present invention is illustrated. Shielded

el ectrical cable 3202 includes two generally parallel shielding filns 3208
include a parallel portjon 3208" wherein shielding filnms 3208 are

subst anti al | y Indparl&f.iskicldedisicstréfiahepbi PO isologdesi mparglipd partion 3088 nduct i ve

pol ymer i ef : [ i uctive
polyneri§V(%§gﬂt%%%2%?Ogﬁﬁggﬂ%ﬁgg%%gbg%ﬁéﬁggg%gﬁgggggg?%ggggﬁgué%%g%’Iayer
3208a. A ofpafablchpdatien 20085 ilv ethkawerds 3@ 1éast sndofshdddg ims3 @)Y ikayer 3208d.
Paral l el portion 3208" includes | ongi t udi nal ground conductor 32

di sposed @m@wué-@réﬁla?&’gﬁ RY isTugs a0l e dHArS B ttoarnd%mﬂ}%ﬁ@gaﬁe

30i ndi re i i t - i el ding
20 0 ke OOt AL GROBIE i LS SO Sl

separ at i gn tlof elednchictol atenlpayferm B8RO 84 pamtel grooiomd3 (8 Hdnd timare324. 2 lgasotheded by

stop |ayer. 3208d. .l n e dinment,. s lLayer WO. ) )

5016/ 145 JusPereot of D5e8b s TRl R 30 TS eat v e degeP POt or . As
shown i n d%icgﬁt-inul)ﬁ@aﬂaﬁg theai@ngﬁbﬁbﬂ@llel@foﬁ%ﬁiﬁ(ﬂm(’%& may 82 dis@oﬂ%ﬁﬁgué 1Y €SS
conductive layers 3208a together and force conf or mabl e adhesi ve | ayers 3210

t o conf orths mi@hebpgedelmerteanii08t’or 3212 (Fig. 17b). Because stop |ayer
320 does not nf.orm,at ,| east .under sapg condi ti,0ns,; i [ nts 5
i oL a oot el BTRe EPOub 3 Een HORG RIS

direct electrical rou onduc

| ayer 32QG8ecetfiseshamk ¢ agplddd dvafige@8on. TAIE othbl Bkipe DSingrdusli £bREéWis€ planar
properties of stop |layer 3208d nmay be selected to achieve a target
char act erfiagalickporipe dant ereatchagnd vadthobhe planarpasHlel pertiepihgying thawgeance of

less t ha{bé@e&‘ed HadhiEnd e?clwl &ﬁd&%fg.‘f)%u%i Igoﬁ%ﬁ %%u(%hi%%ﬁ&i @ th%isg:«licifi‘%bl o

illustra anot her exenpl ary enbodi ment a shie electric
10accor ditegvdéen thnstasidaetfilof, 4 lvev ¢raesesnistic Mpedahoncesi B, ehbddoatrbatasite al

cabl e 3302 includes two geperally parallel shjelding fil 3308 di sposed
ar obthd sﬁﬁ% @lact&ﬁ%rlﬁolét&m%mla%f&%f ﬂ@.@smafeéﬁpléwai ﬁgonﬁqﬂw@gg@% 4 ncl ude

paral | el QertiAts. FRRBandFIEL hanty B 181 g tdsties 330884 RIcBrRULRSEM. 3h | ¥
parallel. Parallel portions 3308" are configured to be laterally bent at an

angl e a afmeambodamsint,3rallEhpertibat &0l of sheodidd ¢ledtyicalfcalpaBa? bis guoactiabns 3308"

enabl es shiel ded. 15el ectr.i cal. cabl e 02 to be folded i ny sui I, e

conf1 gur atGrio geRRebang Ao R gt Rt duffui monr i aprg e BRIt ound
cabl e (sg¢preebcdht andih@reby PbreastatBRt BBNAGINBELibilkNST Il @ Rdlcditi@xichilki ty of
paral l el portions 3308" is enabled by shielding filns 3308 including two or

mor 20 r el &tli0gePayalidhipartiondilOB duedy teayeqesviscdanga i ann oth¢rssuitehle genfigurafont hese
i ndi vi dual | ayers_in par.ti<cul der bendi ng,conditi,ons, it _is,,preferred
Lot e bona SRR rBRk i 7ot A RhoENRbE R URbd of d pdeudl o1 o 1S

portions pasfkh offiashicldeddledtitinchble akddedisig € arl &psctiofidic @baut ifedtdbnniyy and t he
bond strength between i ndivi dual %ﬁéers is at |least 17.86 ginn1(1 | bs/ i nch)
after theHngratesy pbislded slegtiicrhepbiy HVBdu¢lndesdogsacraliypylicl sBiskding fifms j g

benef i ci &k ondifife a%a‘??ﬁe{l hSﬁionl%%{%GWIEFb%’?slﬁ&d h{’s'ﬁﬁg afd P&etﬁﬁt%‘i cabl e

according to aspect o e present 1 nvention for the para portions to
have5s parallel. Shielding films 3208 include a non-conductive polymeric layer 3208b, a

conductive layer 3208a disposed on non-conductive polymeric layer 3208b, and a stop
layer 3208d disposed on conductive layer 3208a. A conformable adhesive layer 3210 is
disposed on stop layer 3208d. Parallel portion 3208’ includes a longitudinal ground
conductor 3212 disposed between shielding films 3208. Ground conductor 3212 makes
30 indirect electrical contact with conductive layers 3208a of shielding films 3208. This
indirect electrical contact is enabled by a controlled separation of conductive layer 3208a

and ground conductor 3212 provided by stop layer 3208d. In one embodiment, stop layer
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25approxi mately the sanme size and shape on both sides of a conductor set.
Any di nensi onal changes or inbal ances nay produce inbal ances in capacitance
and i nducvenow/@aBwng the | ength of the parallel porti onPCThiS3010/03893¢ n may
cause i npedance differences along the length of the parallel portion and
i npedance i nbal ances between adj acent conductor sets. At |east for these

reasons, control of the spacing between the shielding filns nmay be
30desi r ec20R¢h isgheoneerngus ol ymerec lspierendsheyvi in figs-diatdbrensgggalof a

2010/ 148 RET0CT U0 01 SH da P Py PR o BB FAIC 2bl o 3402

i ncl udes dowformabid udhesivesieyss 32Mito ceafinmi ancunddirognd mdﬁubs?wlm(l?@ liybyar al | el
| ongi t udi nal |nsulategﬁ§ guctors 3406, and two generall al | el
shi el di ndPERPTSOPIEE T %@ &% RF BRIHEITE Bt vBACT{BE  mseativkgs.di RFERE i | s

34085 i ncl gider fatAtdl %Bnt@&rﬂe't&&'ﬁ &@9@1 copBE6H 32138l OA R TE |TB: PARE oRT €

substantially 5Sparallel. Paral t1ons 3408" positioned at or near an
edge of shicddidgdilmed S Thathldalb!;seanﬁmae@me popraftiegof sdp ﬂayeeBEl&drrha;salbd y

i | at d t ts 3404 f th |
ol oottt o SRR iRl Bt s i EReEh o g SBY CRRMER Al Priie o8 and

i nsul at eqﬂ?@ﬁ'ﬁ%@b?[&s%@@téﬁg(ﬁﬁﬁﬁ@ﬁﬁg i858 abdt¥icdlNsAatinngl e plane. In Fig.
20a, shielded electrical cable 3502 includes a parallel portion 3508" 10

wher ei n shi el cﬁlggl&liluwtweﬂm exeﬁmmwnmérment Php alhirkded ploetricalncaBB08- i s

T6a10 for BeBR i fh ot oOle ARG ANERE0L REFRELASANT chint 4300 BLRRGL D F1 O

set s, partablg@heﬂany pa@nel?sﬁfb&mg ﬁlrﬁ@$3(l8l digeAediroaid §Rasd garedgduadr shi el ded
electrlcal cable 3 shi el ded el ectrical cable 3602 includes

a paral | el3 60$111P16H1g§698 339%!%&1}4%%1651)%%@ 1081 rihergip shistlivb et 8 3612
di sposed het ?aﬂt@lg!dgd;&'l déiegpafrélLéfgoﬁe%9§33(%af akle hﬁ@%{ Id 1%%8&5/ ﬂ%@' lar to

par al | el por SCri bove”and |I er eas
paral | el amgreta offat 260830°1 Thipdateral ﬂmbhlutmomtradmlaommnsi&mw’r crmbices shiphical | el

portion 3608" is positi t near e of shielded electrical cable
3eo§5 C&waée%begiﬁ 3?@% Bt el SBP YT MAMidesSad par al | el
portion %Z)Qﬁgur%{%ﬂ‘ﬁﬂa’é@'dn% Rell ﬁ{‘egf&uﬁé'cﬁ'&lE (&EOéJQdF Om@cfn%ne%ﬁ%dﬁhéﬂosed

bet ween shielding fil 3708. Parallel portion 370 is simlar to paralle

portion Zlie)Bt'terdethznblb‘efcbf@brwlel pmdomd 33@§f nabmibladrby:shgpldmgcﬁlmwé@&as paral | el
t 2 it duct t ti

B o ek BB el AR S T R 520,

I3 g ogl 9. 208vidhl BY&sth plr&tlid Rk Sl RBERiohE Gl WPeFerRePfbetht 8bndRor tion
20

between them remain intact. In one embodiment, parallel portions 3308°” have a minimum
thickness of less than about 0.13 mm, and the bond strength between individual layers is at
least 17.86 g/mm (1 Ibs/inch) after thermal exposures during processing or use.
In one aspect, it is beneficial to the electrical performance of a shielded electrical
cable according to aspect of the present invention for the parallel portions to have
25 approximately the same size and shape on both sides of a conductor set. Any dimensional
changes or imbalances may produce imbalances in capacitance and inductance along the
length of the parallel portion. This in turn may cause impedance differences along the
length of the parallel portion and impedance imbalances between adjacent conductor sets.
At least for these reasons, control of the spacing between the shielding films may be
30 desired. In one embodiment, the shielding films on both sides of a conductor set are

spaced apart within about 0.05 mm of each other.
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25wherein shielding filns 3808 nmake direct electrical contact with each

ot her by any suitable neans, such as, e.g., conductive el enent 3844.
Conduct i weoebsymsite43844 may i ncl ude a conductive pl at edpPeirasSerioobsmnel , a
conductive filled via or channel, or a conductive adhesive, to nane a few.
Parall el portion 3808" is simlar to parallel portion 2808" descri bed above

and illustrated in Fi%f 16d. Whereas parallel portion 2808" is positioned
30i n bet ween dBddgidPethiddedclegrea crlle 33872 tnchrles someondyctopssts PHHedackt or

. ' ' .cabl e.
D010/ 145 108 RBN R GBI Rk PindBRed Bfuors 3406 and o o6
3902 i nclgedeallq ppatlal shisldipg fitro BB ostharound cidacewsae3404a8aiclding a f ol ded

configuration. Paral]el portion 3908" is sinjlar tq parallel portion 3108"

descri pe_?ﬁl% _Qg)gwmemat?@ke[ BRTEANS O g&h%@a%\ﬁﬁ{%ﬁgmp%ﬁ)mr%w BPtitioh 3108"
I's posi tinnad) ipardRl Wansc el RftioREd So orRREAH & _eB?%ﬁibl%@ﬁi SeB8icall Able
positioned at or near an 5edge of shielded electrical cable 3902. I n
Fi g. 20f ,349Riasd chedigeted ¢o electicaltyaisblted®@d@udtocietsde)4 drqua thel dxedrmgdor t i on 4008

that is piecew se pl an in a.curved figyration posi t.iponed.at or
near an SuSEOUPSSnPen ol be A8 et lp SR sur B T “Cavi o
accor di Ng408 aAd iSRG coffludtdig 3R0E8RMrah RELRANY TRY sih@lcinide at | east one
| ongi tudi nal ground conductor, an electrical arficle extending in

subst anti al | y Infeg. SQassheil dadoal¢apcad sallp 85 ¢ inahidecoparaldel porticanid0BRo general |y
parall el shielding.fi isposed around,t h roun nduct o nd
et Fcarmap hitfing BT, SoRREE e R GO R B BIG SRR g Pl PSS oo

conduct orpoatiéh 2308 i @usritdtabord actillugalddiniKe! IhewWhbraghaal¢lippadonaa 08! €.

The ground conductor nmay extend beyond at |east one of the 15ends of the
shi el di ngs ppifigneddn getwepp conduicter sefe.ingFrlist PerHen SAPE| Hinegitioneda! ar geeiip
suitable(%ggbyg Hﬁ%i&%ﬂh&ﬁ%aﬁ%%@ﬁ@t of any suitable term nation point, such
as, e.g., contact element on a printed circuit board or an electri cal
contact of an lelReg0bgcshlicldaivieatical calBedéd michidbya panllyl partiondc08d nunber of

ground conductors is needed for a cable constryction, and.can, alopg with

thel3 hi el'8?HG8 iaﬁ%g}ﬂ@gﬁggr@tvég aqu@p@&@? briighses _ﬁe%elh soaina e iR

el ectri cglyrald g&ltI%n 360€° & SRt ©Hardlel héilidn 10K’ BGLHEKI Movt GRF IR Sed

| ongi tudi nal conductor, at |east ‘one conductor set including one or nore

subst ant iialFig IpbrWherehs payaldgl podianal 60B Hsspestitezhed ombeteear sondactol ests,bl e
table electri

print o ] bri2h B0 BT LDl Sheshe el el sl b gl
enbodi ment s ofn $4e P08 ihe| gk &8 Chsiab 7@k R deLNHABNE FoktIh- 3708

20 including a longitudinal ground conductor 3712 disposed between shielding films 3708.
Parallel portion 3708’ is similar to parallel portion 2708’ described above and illustrated
in Fig. 16¢c. Whereas parallel portion 2708’ is positioned in between conductor sets,
parallel portion 3708’ is positioned at or near an edge of shielded electrical cable 3702.

In Fig. 20d, shielded electrical cable 3802 includes a parallel portion 3808’

25 wherein shielding films 3808 make direct electrical contact with each other by any suitable
means, such as, ¢.g., conductive element 3844. Conductive element 3844 may include a
conductive plated via or channel, a conductive filled via or channel, or a conductive
adhesive, to name a few. Parallel portion 3808’ is similar to parallel portion 2808’
described above and illustrated in Fig. 16d. Whereas parallel portion 2808’ is positioned

30 in between conductor sets, parallel portion 3808’ is positioned at or near an edge of

shielded electrical cable 3802.

30



25In Fig. 2la, shielded electrical cable 4102 includes tw spaced apart
substantially parallel |ongitudinal ground conductors 4112, an el ectrical
article Mooposstetoned bet ween and extendi ng i n subst amrCiraiskgiowbse3sane
direction as ground conductors 4112, and two generally parallel shielding
filnms 4108 di sposed around ground conductors 4112 and el ectrical article
4140. Electrical article 4140 includes three conductor sets 4104. Each 30
conduct or set 1nfoa 20pcshighdas! dlgdrienl sahla AP aincldpyi Bﬂfﬁlé@l PoBigi 19081 kgt is

i nsul at ed,; : Lectrica
cont act - v ER D ien iy Atded SRHRGREHRL Borhbi 3ol R RGBS |
but non- zeitdor h]ﬂ)@dadmmbmdtalbovea;ﬁmaﬁmttamedﬂ@ E@ﬂ%l%k%?ﬁﬁ'ﬂaﬂﬁ%ﬂ%xﬁ%%
shielding filns 4102 | n ot her enbodlqﬁfis,,grg d, conductors 4112 nmay make
direct orls PRiionsdin SPEER FRuductos etadiarakict PorLpn g@% ISGIpaItgneq HOT IRMAN| ng

filng 41Q%'befﬁﬁ?§§§§E?9&90599@bb9n of shielding filnms 4108. In one

enbodi nent, shie ectrical cable 4102 includes a conformbl e adhesi ve
| ayer 4110 di dpdsgd0behivkizd ckiviralativabde 4002nmecladG8: panalch poriwinrAi§O8Tiitledt i ng

films 4108 to.each ot her on, bot i de d conductors 4112 d
bl eorr i odredsiaiahes b ot ot e aatee ity SPRG b e dSHRE ea (o
provi de cosritiql Lafde sgpar ati on of at | east one of shielding filns 4108 and

ground conductors 4112. In one aspect, this nmeans that conformabl e adhesive
| ayer 4110 hasA ahialdad glectrisalmable askerding toha@spsct ofibe gre@@mdm@@hdlm orRprs 4112

Shl g?ke dh{,lﬁ&e}mtq bgtgé lrﬁgg (F in ?Igg%/gul g‘l? qoné{ag& %‘c Wc%l a%tfcle? 1 Oﬂle of

dlng Sul I nt ended
appl i cat isaBstadtiulignee @mfmdtdmaﬁ as Qe gmﬁdc‘e@ﬂaimchpmi M@naﬁny ipaglivde surface
asperities or a deformable wire, such as, e.g., a stranded wire, to provide

this contshisidiag filmedispessd provas thsgrowt WéHCtQ? Hishbe elspagat vrcledntbisand at
| east one, 8&5@3 gr%%@ﬁllélhlln 111%%’911% glloﬂn&) @&(ﬁl@ﬁ)@%é@ﬁh u%E't(? Elg @gaﬁ l ms 4108

arc space m ni n1spac ng in a ast on Ioca 1 on
shi el di ngsdlaﬂemlrae dé@ﬂcalaﬁd:legﬂthu reebund rRdbdicosran gl d2erhishogond hﬂ’ieasknﬁessf tihlaat is

greater th spacing. I n one ment, . shi el di ng Ins 4108
hav® a uﬁn@%ﬁé gl:epd:% sy 5.8-» g%ﬁlflﬁl@awﬂﬁ? qﬂeldmg filps o gny st eshi el ded
el ectri C%d&ﬁﬁhﬁco‘h@i@?ekﬁ%h&&%ﬁy%M‘@ab?@t%ﬁﬁ%aﬁ@@ﬁémﬁ @@éﬁ ANt igalalcxme@tr al l el

| ongi tudi nal ground conductors” 4212, an electrical articFé 4240 positioned
bet ween ZmamdnenmqmmMmMnmnn@ub@ummnwhkﬁymtMEHGEGEMdﬂn@ntM@nmasuground

duct t WO . | | | el shield | ns, 4208 di d
around. grBET R0 bl S B B PR SRy s BB IHG R ol ded |
el ect ri calonGaRkien 4982 ah SalSigWitREhet ictdih g kidad c@in@retté hit@bctfolg@etdd 02

descri bed above and illustrated in Fig. 2l1a. Wereas in shielded electrical
cabl@ 4102closyreof Hiccugctiagal piticks. Thaolertnichlprbiec muydacladnetleasbenset s 4104 each

i ncl udi nqo}lg\/\%dinal conductor, at least one conductor set including one or more substantially
parallel longitudinal insulated conductors, a flexible printed circuit, or any other suitable
electrical article of which electrical isolation is desired. Figs. 21a-21b illustrate two
exemplary embodiments of such shielded electrical cable configuration.

25 In Fig. 21a, shielded electrical cable 4102 includes two spaced apart substantially
parallel longitudinal ground conductors 4112, an electrical article 4140 positioned between
and extending in substantially the same direction as ground conductors 4112, and two
generally parallel shielding films 4108 disposed around ground conductors 4112 and
electrical article 4140. Electrical article 4140 includes three conductor sets 4104. Each

30 conductor set 4104 includes two substantially parallel longitudinal insulated conductors
4106. Ground conductors 4112 make indirect electrical contact with both shielding films

4108. Ground conductors 4112 have a low but non-zero impedance with respect to
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25 substantially parallel |ongitudinal insulated conductors 4106, in
shi el ded el ectrical cable 4202, electrical article 4240 includes a flexible
printed cwocoiwi48readl udi ng t hree conductor sets 4242. PCT/USRL0/025939
illustrates the far end crosstal k (FEXT) isolation between tw adjacent
conductor sets of a conventional electrical cable wherein the conductor
sets are conpletely 30 isolated, i.e., have no common 2round (Sample 1),

and bet weitldipg fijas 4tnin ebadrebasimerss.Lroyndsiondneiag 4d 1 datayinealc digbl & 2202
il lustrateg in Fig. i i el di ' art b

bbout 0. gBaroshs Flta Rl CLEL MR o O 89 shi TR, APy R SPREFYRPRT T, oY
t est nmet Hochtioarof shiieklingnintsi 198 diatoac iembodinhenk shisidadreldchécahicdble MR dat a was

generated using an_Agi| ent 8720ES 50 -20 GHz S-Paranmet.er Networ k

Anal yzer .matld%a?rpoa@rg@ k aﬁ{}@%ﬁ#ﬁ&?ﬁ4ﬁ_@5’5§@0$eérb%wné @éﬁﬁ%ﬁﬁﬂwl&@@ha; the

convent i qpakingleeidih ﬁimi@l‘?isﬁ R Shi&dndgeh %!dg%fr%rg@ld &RRL&0R Y72 Bhevi de a
3 t al ?o rcally, 1t I

simlar far e Cros pertormance. 5Speci I's generally
accept ed ddvaticahaftimte €. Coneshailk adifesive dayet halD albonfigur8btodBovide sui t abl e f or

nost applicatjons. |t ca e easily,seen 0 i.g. ,22 that for t

Tont i oop o Bt L pwation B4 O R R Ed B R T [lting B idor %o 2 et e
el ectri cah oaaRiRc2 AAZmRAAVh S oh Rrinb RGUREYvEh §GUN 1 6 Bhs 4 BEH-BhiGHh
performance. The satisfactory electrical isolation performance in

combi nat itbigkogss that Akowhgioead eehdsetoeiditlA to makh dirpefroglindstecipedtiion cauiactt o t he
10ability t.0 space apart t.he.shi j N ilns is.an_adv e.of. a shiel ded
ol ot ri oA EaPEY SnCBR o e gh TLE B0 ek ek PR IR TRR R o

convent i aipplicaiogClnrdne@imbodith@s, ground condti@ofsCllll W aydnélth@nTurRke aeatied @ y
enbodi ments of a shielded electrical cable according to aspects of the
present ARSI WG|SUEhRY Cigs atiandes Wise) te PERY B coptiplled destipealsi ng a

conduct oro b hRGLAOL B PO QLIRS 1?2%F9§E R ioﬁée |o¥ sslﬁflgﬁ'g'fﬁhls '49@%25 gﬂé nal

i nsul at ed conductors; and two generally paral ing fi I Sposed
around t hentwdidertf shicldiap fidue 41 0Cdradpargd apgabpb nghinpon spaecimgwher Bast onbe
shielding fil nms are substantially parallel, wherein the parallel portion is
co_nf 1 gur 38%“811@? SkiElmeT 4108 éé]@g%r?ln@ ccBiniE i 14 Brve Hidamsanitdd o

shi el ded glLagtihh ik nGaRhGn SRR, $ 8% GhvdBAsht, iMQISRANET 420@h4vecpnduct or
sets arranged generally 1 n a single plane, each conductor set including one

or nore shiskt@nbf Bk$ thapabaltl0€)25Inemgi t udi nal i nsul ated conductors; and two

ener al | aral | el ielding. fil. i.S d around the conductor sets and
O ud ny o nixfe o Bl corm i AR E e B R SR et R e, 2y
par al | el ,paphRI RinBithd1BalRAGRId RhdRAG 140 148 R higidlcerb4b YositiBRdd bebrbdny

i sol ate adj acent conductor sets from each other. ltem3 is the

shi 4 ded aadestenilinglin seltstaatially theepme dgectionemgpoungivrendiators Hel Lo ng i | ms

are spaced apart_inthe paralle tion ltem 4, is t shi,el ded
ol oot Progtn@Rfl baflel PEIREE ApEARRR proundprehF Bifuefr PR 50

| ess t harel@bods afdicl32am Shicldtd bRasicalaablel 4202144 Gimilaf totsheeldralradddiredal paylé i on.
30ltem5 is the shielded electrical cable of item1l or item2, wherein the

paral | el 4382 dreswibadabayerindillnteicrite Kitedba. oV hersassingshishled sissirical qablem

4102, electrical article 4140 includes three conductor sets 4104 each including two

25 substantially parallel longitudinal insulated conductors 4106, in shielded electrical cable
4202, electrical article 4240 includes a flexible printed circuit including three conductor
sets 4242.

Fig. 22 illustrates the far end crosstalk (FEXT) isolation between two adjacent

conductor sets of a conventional electrical cable wherein the conductor sets are completely

30 isolated, i.e., have no common ground (Sample 1), and between two adjacent conductor
sets of shielded electrical cable 2202 illustrated in Fig. 15a wherein shielding films 2208
are spaced apart by about 0.025 mm (Sample 2), both having a cable length of about 3 m.
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WO 2010/ 148164PCT/ US2010/ 038939 Iltem6 is the shielded el ectrical
cable of item1 or item2, wherein the parallel portion is configured to be
| at er al | ywbento/agi6an angl e of at |east 300 . | t emPTTIUS201003%B% el ded
electrical cable of item1 or item2, wherein the parallel portion has an
actual width to mnimmspacing ratio of at least 5. 5Item8 is the

shi el ded eI ectrical cable of item1 or item2, wherein the parallel portion
i s pi ecevlihsdesmaiad for creating ihis dateisarilldingse ia theatt. ﬂ&@da@amsge@ﬁrarqdem 3,
wherein t | £ SPR idm havi ng
a diel ectdrgl sa%on%%w&jdfé east 163%& ﬁa?%rahlf%h\%t& Igé{j@dgl gct rical
cabl e of scteby Sompdrageha far hﬁd stosehittiphgs fHat the caﬁeenllﬁﬁﬂaadmﬂ‘lc&ﬂ)aﬂﬂe imd an

el ectrically, conductive. s ration nmedju 1 is the shielded
eI ect ri caﬁhl% eée%ffcaﬂ 9?@%1&? @rPrPYlé{Fnaélm\J\ﬂgﬁfefi%i Pt %a PLII®RSor t i on i ncl udes
ongi t L@e@f’ﬁcal . %et?é?ﬁw&ctc%tegﬂﬁpg?ﬁ%ng%ﬁdé@ﬁﬂk 5fh@ss§llfﬂnea!bghp—(35fd'8| 5. ltem

12|sthe shi el ectrical le of iteml1 wherein the ground
conduct orsurtelde fordhost eppledatons: itcah be @aﬁtllaz(sbervfrbm Fag. A2«thsattfoothe coffiguration

shieldin at | east .one 15| o of . th aral | el rtion.

rem 13 evtid o e Fenuianta B! SEF wdpRldeifer LSl A ARG ouna
conducto rsaﬂﬁK@t&y' AEitH &L isoflt B tetfEAhane. nﬂiéf‘s'fatlyfaétbrﬁéledtﬁ@a?t isob@nof the
shielding films'in at |east one |ocation of the parallel portion. Item 14

is the smeeﬂOﬂedlcell@@memaﬂlom‘abh ¢haghcicasshstréngtivobtheiparallebpertipe Hae the

electrica erL SR es a ¢ h di sposed

ot ihen. ALURRRE I ht R SRR HBR% B AaR TRl SR R S st e oar ot on
of at Iea&bor@ﬁ@ t0fan by c6f thk te@@uﬁmdeﬁﬁolaa%rtcbﬁv@h@uﬂm&&Mueettmés.. I'tem
15 is the shielded electrical cable of item 14, wherein at | east one of the

shielding filnms includes a conductive |ayer and a stop |ayer, and wherein
the stop layerp, following items are exemplary embodiments of a shielded electrical cable

according to aspects of the present invention.

15 Item 1 is a shielded electrical cable comprising a conductor set including one or
more substantially parallel longitudinal insulated conductors; and two generally parallel
shielding films disposed around the conductor set and including a parallel portion wherein
the shielding films are substantially parallel, wherein the parallel portion is configured to
electrically isolate the conductor set.

20 Item 2 is a shielded electrical cable comprising at least two spaced apart conductor
sets arranged generally in a single plane, each conductor set including one or more
substantially parallel longitudinal insulated conductors; and two generally parallel
shielding films disposed around the conductor sets and including a parallel portion
wherein the shielding films are substantially parallel, wherein the parallel portion is

25 configured to electrically isolate adjacent conductor sets from each other.

Item 3 is the shielded electrical cable of item 1 or item 2, wherein the shielding
films are spaced apart in the parallel portion.

Item 4 is the shielded electrical cable of item 3, wherein the shielding films are
spaced apart by less than about 0.13 mm in at least one location of the parallel portion.

30 Item 5 is the shielded electrical cable of item 1 or item 2, wherein the parallel

portion has a minimum thickness of less than about 0.13 mm.
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25configured to provide controlled separation of the conductive |ayer and

t he ground conductor. Item 16 is the shielded electrical cable of
item 1l orwDRemvi@dgiewherein the shielding films make di r eeCTAISeCNBEIAY

contact with each other in at |east one |ocation of the parallel portion.
30ltem 17 is the shielded electrical cable of item1 or item2, wherein the
paral l el portion includes an opening in at |east one |ocation of the

paral | el portiléam 6mhz@h@ydfdsbem@wabmﬂwﬂokegrg@ﬂ2 wherejnt thgpallpls t he
shi el d.eddj%#t? CS%%’[R%EOGDeq teldi§Meht Hlan gl%‘o%atté@ﬁr%b” at |east one of the

shieldin I'nc Feak 1n at one Tocation of the parallel
porti on. Itelrﬂi 21g the shisldel elcstricel chbtt cﬁh&m t beatm Qalvhercof the perdldl or item

2, wherein the shi el dlg }ﬁfﬁlill ns.Qn both sides of i’:\ conductor set are spaced
apart wi tRHELAS P agtugbWidth iy mEWEKRMSPesiag ratio of at lepstear 20 s a shi el ded

elecirical cabjg, gL gm%d%fec{rﬁéﬁéabmdeﬁ{‘%% H&h@al)vhgﬂéﬁpﬂﬂg P&ﬁﬂQIUCt or, an

electrical article extending 1n substantially the sane direction as the
ground cqmdumt ispiecawdeiplamageneral |y parall el shielding fil nms di sposed

around the grq nd_ conduct or .and th ect.rical art.i .It 21 is the
Shi el ded ol cctrmea s BssRsle et %%l ftl{‘? 5 oA lil%%ll%l HI55 Highl e
adhesi ve dhasarapait Spase ﬁarbt%ry\ﬁ@dluﬁﬂﬁwﬁ@ £di6llcb@ic fcbh tEnt IRt 1'@95]%@'5!19 t he
shielding films to each other on both sides of the ground conductor and the

el ectrical artlies &0 is the shlelld@@ﬁhegmcals:abh@fsﬂqne? dém:r@n thetshiadding &&s ercof item

20, | yher e| n the ecBreiecf‘ cafill nqeu nc uar%? nme east one | ongi t udi nal
con ct or’ %lalp 33 NS RPEGEY EPEEP ca "E%bl e of item 20, wherein

the el ectri Ca|IteaﬂHll & the klileldud ez ctaicall @BRIofORE COMNEIE LOWh&eIn thephrdlléing one or
nore substantially parallel | ongl tudi nal insul at ed conductors. [tem

24 is t heoosipreinglgess ngitndingl cramsideopudteredisnpocd hgteren e shisldngElins. cal
oLt e e Ui 24 SHUBLRCPLOLEH S PO e ol gL
el ect ri cahalees ﬂtram'telemﬁdal edntdce agth v heastodnetdiiehesdhicddiap Midms id ardeast one

15 location of the parallel portion.

Item 13 is the shielded electrical cable of item 11, wherein the ground conductor
makes indirect electrical contact with at least one of the shielding films in at least one
location of the parallel portion.

Item 14 is the shielded electrical cable of item 11, wherein the shielded electrical

20 cable further comprises a conformable adhesive layer disposed between the shielding films
and configured to provide controlled separation of at least one of the shielding films and
the ground conductor.

Item 15 is the shielded electrical cable of item 14, wherein at least one of the
shielding films includes a conductive layer and a stop layer, and wherein the stop layer is

25 configured to provide controlled separation of the conductive layer and the ground
conductor.

Item 16 is the shielded electrical cable of item 1 or item 2, wherein the shielding
films make direct electrical contact with each other in at least one location of the parallel
portion.

30 Item 17 is the shielded electrical cable of item 1 or item 2, wherein the parallel

portion includes an opening in at least one location of the parallel portion.
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Item 26 is the shielded electrical cable of item 20, wherein the ground
conductor nmakes indirect electrical contact wwth at | east one of the
shi el di ngwDi2brgl48isiem 27 is the shiel ded el ectrical cablPeTafS201008892% or
item 26, wherein the shielded 25 electrical cable further conprises a
conf ormabl e adhesi ve | ayer di sposed between the shielding filnms and
configured to provide controlled separation of at |east one of the

shi el di ng fi | Ecrahdiistthe shyeldadhelcesisalueblsrof item 1 or iferg gy whereiy at frasiseiicedfded

electric I it e I i ' ilms are
spaced agialt? gﬁ ggﬁgq{r%dﬁﬁ%n&ggg%?%dﬁ%%gt%gé%%{lg%éhﬁgggﬁaiﬁ%ﬂs%goé'he shi el di ng
films, 30and vitet &9 is thishigklodinidceionldableaqit ifeas] ar itdm Ckwhasintthathicldingr eat er

t han the m ni mym spaci ng. ltem 29 is the shield el ectrical cable
of it em F8MBONOH Sdes Qr}%éo@ihﬂft?f}?ét%rﬁi%?c&ﬁﬁ@aq MR mﬁﬁs FHT Gkitsda of I ess
t hans aboygp Q. 025 mm Item 30 is the shielded electrical cable of
item 25 or 1tem 26, wherein the ground conductor includes surface

asperities corfanyf ech thaclgedsiedeca oaltle obinpdsieg ecleast oat langritdiosl Sowtdveen t he
ground condyctor and at |east one .of .the shjelding filns . ltem31 is
Phe ohi elgetiesees Fiecies S SRR R i 2BsBRiRLORE Sune diEviands e §iing
conduct orcogdh@hdandPeyPGhclllyl paaslel SnEdRE RS dBRESdkodnaghs Bioahdi ng fil ms.
Item 32 is a shielded electrical cable conprising two spaced apart

subst ant ic@hflyctpraandithetlettopgiarticdé-nal ground conductors; an el ectri cal

(€l iti b ] [ ' b i all h
i r bt Fon as RATGH BIRESERGRE erEN SRE PR PR yThlh LSRRI ng

filnms di spesset ByQUNShosEELGNOEe SHBRIUGL Bihs Mdbohhiag ehetidivalfilas td cl e.

Al t hough speci fic enbodi ments have been illustrated and described herein
for purpcdelsober eebethisisies ehtherreund copdscsrrand tipdledreddmeticlet will be
appreciated b . i voskidl d.n t L. t i variety of
alternate and)l1 geﬁlbg%gsltgéfﬂelgl? E?%%ﬁ%ln%g{eiogﬁ{sgmca ’gaﬁe%egllieﬁ%teé&éﬁ%?%&%%t he sane
pur poses insayddet saabsdnctloigahdfnat cdridactepeci fi ¢ enbodi nents shown and

described wi thout departing fromthe scope of_th resent invention. Those
wi t P skil | inlf%zﬁé*éﬁ%lﬁt?@g@ lepeicel @bt ptgm 2, clpitheieleticebatiok s wi T

readi |y appneGi RI&st iR icohMR R se8RPludInRRRL: b rdBIbsRALAINP)fARAted in a very
wi de variety of enbodinents. 20This application Is intended to cover any

adapt at i dosgitidinadmisalatedeonddcterke pref erred enbodi nments di scussed herein.
Therefore, 1 ln TR LSt Dhented bRt 5 RS HOUAR] HiRT onty by
includes a flexible printed circuit.
20 Item 25 is the shielded electrical cable of item 20, wherein the ground conductor
makes direct electrical contact with at least one of the shielding films.
Item 26 is the shielded electrical cable of item 20, wherein the ground conductor
makes indirect electrical contact with at least one of the shielding films.
Item 27 is the shielded electrical cable of item 25 or item 26, wherein the shielded
25 electrical cable further comprises a conformable adhesive layer disposed between the
shielding films and configured to provide controlled separation of at least one of the
shielding films and the ground conductor.
Item 28 is the shielded electrical cable of item 25 or item 26, wherein the shielding
films are spaced apart by a minimum spacing in at least one location of the shielding films,

30 and wherein the ground conductor has a thickness that is greater than the minimum

spacing.
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CLAIMS 1. A shielded electrical cable conprising: a conduct or
set including one or nore substantially parallel |ongitudinal insulated
5conduct owe;20evidstewo general |y parall el shielding fil nsPdirgsesiedsssound t he
conductor set and Including a parallel portion wherein the shielding filns
are substantially parallel, the parallel portion being folded and pi ecew se
pl anar, wherein the parallel portionis configured to electrically isolate

t he conduct or T&at 29 sghoshigldgthplsptgisd @blsafitcead> eane2eovksreis ffh?g%hi%@ing east
t wo spacqﬂng@8§éa Qﬂ%&&ﬂﬁe&?ﬁﬁlﬁ%ﬁﬁ&@%ﬁgﬁﬁ”era"y in a single plane, each
udi ng st an

conductor set inc oneé or nore su tially parallel |ongitudinal

i nsul at ed condugi 80 &; thasidelided cigetniesaladable qiateal 25ebr isdnm 26,diirgeif itha@oainds posed
around the conductor sets and anlud%ng g par al | el poiti n wherein the

shi el di ngfOPf YY" 1BFBISERERPEITSP aHEITPR (0 ProNKlesapEplcd clesdrea eontiRdi ng

fol ded angd DiKGEMREnd ké’t{h%"ctor‘éﬂ&ﬁtgbékt bhSoAL @#fli'eﬁllingoﬁ’l'iﬁs'. on is configured to

electrically isolate adjacent conductor sets fromeach other. 3. The
shi el ded el ectltancal ischbbleclded cleetiricnlicable aflitainrd 29r itdine2@iwherdie tishgret ng

films are spaced rt inth aral |.el rtpon,. .. 4. The shielded el ectrical
cabl e of ondrx s ey EeSandior Bie B bl 8 hisrng s ual. 25w dt - and
defines a m nijEaBSRACIHNIIQBIIVREDa] ChSlc 3bmbRARE tWdp 2 BRERE ABEAtigRNdUCt or
sets, a ratio of the actual width to the m ni rum spaci ng being at | east 5.

5. The shiagdligbpngitedinaligreundcobilecters; al degtridal grticdd postiicned Wpteveen and he

zgleﬁ} g'cg%ixge'ﬁlldgs i{qﬁé‘b?sﬁagﬂlﬁé }9 él}eesélgl%giﬁlie?%%n a(.:SQ[Hé gagll%tuné{\/I C(t)rpdu%%%sr;] alq(ti ?v% g!cnneraﬁfy | east
parallel shielding films disposed around the ground conductors and the electrical article.

Although specific embodiments have been illustrated and described herein for

purposes of description of the preferred embodiment, it will be appreciated by those of

15 ordinary skill in the art that a wide variety of alternate and/or equivalent implementations
calculated to achieve the same purposes may be substituted for the specific embodiments
shown and described without departing from the scope of the present invention. Those
with skill in the mechanical, electro-mechanical, and electrical arts will readily appreciate
that the present invention may be implemented in a very wide variety of embodiments.

20 This application is intended to cover any adaptations or variations of the preferred
embodiments discussed herein. Therefore, it is manifestly intended that this invention be

limited only by the claims and the equivalents thereof.
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6. The shielded electrical cable of claim1l or claim2, wherein the
paral l el portion includes an opening in at |east one |ocation of the
parallel portion, 7. The shielded electrical cable of claim1l or
claim2, wherein at | east one of the 5shielding filns includes a
break in at |east one location of the parallel portion. 8 A shielded
el ectrical cable conprising: at |east_two spaced apart conductor sets
arranged generally in a single plane, each conductor set including
one or nore substantially parallel |ongitudinal 10i nsul ated
conductors; two generally parallel shielding filns di sposed around

t he conductor sets and Including a pakﬁhhiiﬁportion bet ween t he
conductor sets wherein the shielding re substantially
parallel; and a Iongitudinal ground conduct or di sposed between the

shleldlng filmg @&g%y wherein the paralle
portion conprlses a con%égna e&%ﬁﬁ véPI%%p and a non-conformabl e
stop layer di sposedsgaduzeesst ipsedingeneeranorgubsiantslly parplisl leneisysiinabipayated

provi di ng opntrol | ed sppafedk@n bet ween the ground conductor and the

shielding films. two generally paralle] shielding films disposed around the conductor set and
including a parallel portion wherein the shiclding films are substantially
parallel, the paralle! portion being folded and piecewise planar,
wherein the parallel portion is configured to electricaily isolate the conductor set.
10
2, A shielded electrical cable comprising:
gt least two spaced apart conductor sets arranged generally in a single plane, each
conductor set inoluding one or more substantially parale! longitudinal
insulated conductors; and
15 two generally paralief shielding films disposed around the conductor sets and
including a paralle] portion wherein the shiclding films are substantially
parallel, the parallel portion being folded and plecewise planar,
wherein the paralle] portion is configured to ¢lectrically isolate adjacent conductor
sets from each other.
20
3. The shielded electrical cable of claim 1 or claim 2, wherein the shielding films are

spaced apart in the paralle] portion,

4, The shielded electrical cable of ¢laim 2, wherein the parallel portion has an actval
25 width and defines a minimum spacing hetween the at least two spaced apart conductor
sets, a ratio of the actual width to the minimum spacing being at least 5.

5. The shielded electrical cable of claim 1 or claim 2, wherein the shielding films

make direct electrical contact with each other in at feast one location of the parallel
30 portion.
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6. The shielded electrical cable of claim 1 or claim 2, wherein the parallel portion
includes an opening in at least one location of the parsile] portion,

7. The shielded electrical cable of claim 1 or claim 2, wherein at least one of the
shielding films includes a break in at least one location of the parallel portion.

8.  Ashielded electrical cable comprising:

at least two spaced apart conductor sets arranged generally in a single plane, each
conductor set including one or more substantially paralle! Iongitudinal
insulated conductors;

twao generalty paraflel shielding films disposed around the conductor sets and
including a paralle] portion between the conductor sets wherein the shielding
films are substantially pazallel; and

a longitudinal ground conductor disposed between the shiclding films in the
parallel portion, wherein the parallel portion comprises a conformable aghesive
jayer and s non-conformable stop layer disposed between the shielding films,

the stop layer providing controlled separation between the ground conduetor
and the shielding films.
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