WO 2012/ 030367PCT/ US2010/ 060640 SHI ELDED ELECTRI CAL CABLE | N TW NAXI AL
CONFI GURATI ON TECHNI CAL FI ELD 5The present disclosure relates generally to
el ectri cavocatdmss3sand connectors. BACKGROUND El ecrcirasbkoioabices f or
transm ssion of electrical signals are well known. One conmon type of
electrical cable is a coaxial cable. Coaxial cables generally include an

el ectrically congugtbme ewké@SML rcaundas ByrvaRIAnsuhai@karitie W re and

i nsul ator are 10surrounded by a shield, and the wire, insulator, and shield
are surrounded by a jacket. Another conmon type of electrical cable is a
shi el ded el ectrical cable conprising one or nore insul ated signa

conductors surrounded by a shielding |ayer forned, for exanple, by a netal
foil. To facilitate electrical connection of the shielding |ayer, a further

uni nsul ated conductor is soneti i gﬂi ween the shielding | ayer and
t he insul ati on 150f the signal 5@3&@@?§%f' ductors. Both these common

types of el eCtTHe%és_eﬁﬁdﬁb&oﬁl% féﬂ’fitésﬁ/ge'il@ﬂﬂﬂbrt@elte&@ic&lsc%bléﬁ asdPesnkieal | y designed
connectors for term nation and are often not suitable for the use of

mass-term nation techniques, i.e., the simultaneous connection of a
plurality of conductors to indivi BASIKEBRUNP el enents, such as contacts of

an el ectrical t . el . i [ it board.
20saRy - EIORREH s hor SR Rliof b PIER S B BEARnGMA S Jonauct or
set s ext endine @beoofeclacttiesghblcad a thxia abble. @oakiblaiablys gpaaaltl mphde afir om each
other along a wdth of the cable. Each Qogiuctor set has one or nore

conduct ordcfasal i gordudtiye Wit syFreurdsr by NN YU AIEN NATCERE AN UEHRAES or set has
an jgser tsh%uﬁd%ﬁz)ﬁ sh'i&&,sagahnﬁé\wr@qnﬂﬁét?ﬁfaﬁ& slﬁ&%l&r@erf&ﬂH&{‘Wa RRge 25 of 0

to 20GHz. First second s |e1ding nms are di sposed on ‘opposite sides
of the cabbathertchmnidnrtype afdlecgecawableiid ashi¢lded eldétrigalceble comprisingose and

pi nched porti.ons arr.anged such that, .in transverse cr.oss section, the cover
bor t1 ons BeerRa T Sen cnBisian PRt SERBISEEY BSOS [ iy Y
surround eaeth| fRNdtchOilit3€tlcctAbs cbRtecBbR 68l sRRIJiA®RSeOh fhdiRrih st and
second filnms in conmbination form pinched portions of "'the cable on each side

of 30eachngdatedicersiuctonisrarictimes seqyatedtbcorcapdhawhael dingdayer prd theansatipor t i ons
of e first and WO 2012/ 030367PCT/US2010/ 060640, seco hielding films is
b, 1" nidhahs R PR sl P B Ve SRBRERPRERteTetEhRG 1ot and
second  shioehdilygqlirt @& s o dpecamdllf dédbried dosstdr &t tadabidtidd. oA are often

not suitable for the use of mass-termination techniques, i.e., the simultaneous connection

of a plurality of conductors to individual contact elements, such as contacts of an electrical

connector or contact elements on a printed circuit board.

20 SUMMARY
A shielded electrical cable includes one or more conductor sets extending along a

length of the cable and being spaced apart from each other along a width of the cable.
Each conductor set has one or more conductors having a size no greater than 24 AWG and
cach conductor set has an insertion loss of less than -20 dB/meter over a frequency range

25 of 0 to 20GHz. First and second shielding films are disposed on opposite sides of the
cable, the first and second films including cover portions and pinched portions arranged
such that, in transverse cross section, the cover portions of the first and second films in
combination substantially surround each conductor set, and the pinched portions of the
first and second films in combination form pinched portions of the cable on each side of

30 cach conductor. A maximum separation between the first cover portions of the first and



The conductor set may conprise two conductors in a tw naxi al arrangenent
and the insertion | oss due to resonance of the conductor set nay be about
zero. 5 TWeemdusror set may conprise two conductors i RCR/US21M0AKIcA
arrangenment, and a nom nal insertion |loss without insertion | oss due to
resonance may be about 0.5 tines the insertion |oss due to resonance of the
conductor set. The cabl e may i nclude an adhesive | ayer disposed

bet ween the pinched portions of the shielding filns. 10The insertion |oss

of each Cs@&ﬁfélcshféﬁdlﬁg Tﬁlrﬁ?iﬁ L0 &ﬁﬁﬁu&%ﬂa@t@%ﬁw@exp@le Redt @& g&rtloﬁEQPt -4dB

per meter, or about per nmneter e cabl e ew of
| ess thanhaﬁnman@@mpmbdﬁddmgﬁﬂnm1$éﬁand&ﬂh1ab&wmmd@mp3@d%neter at data

transfer spee bout 10 CGbps. cabl e ave
Charactor ot oentortBetod SR B REY G eeiug o8t i oyl o apee g dnd

char act er§ts&rtioNPRIANE & RYSHande SRRE 60&(&1@% Bet%aﬂk&ﬂiouﬂzé?@t er. One or
more conductor _sets of the cable may conprise a first conductor set and a

secohd conductBre wedycterasshmey ndmpnmtw@eqonﬂwmwn atwmasnal amangericeid arbnduct or
and a second i;nsu d uenc ct.r i sal ation
of “the T LT RO CERGHT S G PlaR Uk Wi o RAUEREY RS P SRns’ Bhductor
in each daadtiet ks ettoFonhec P sdrhandtoadety | ess than a high frequency

el ectrical isolation of the first conductor set relative to an adjacent
conduct or set .The cable npjeingluge an pdpsivadayer dispaser batveren theepinghed portiag|oht ed
conduct or t he second conductor is a first far end crosstal k C
at a speéP%ghghk%ggggncy range of 5-15 GHz and a length of 1 neter, and the
hi gh0 f r eque n c yThesad;eathmm]nsmf dable cordustor samaluiclicolessstein sleluati di pblomt:ﬂemr

25adj acen gﬁctor set ég i ond far end crosstalk C2 at the specified
frequencyloﬁf RepBCL: rdReyt -2 ¢BMSTMiEr than . The cabl e may have di/D

l'ess than 0. l.rpe cable fﬁﬂv@la%ﬁgw%k%g fafi Fo@t%'lﬁe Hféjte'r'g?f%géithgh Ypaltity of

conduct or sets extending along a Iength t he ca |'e and bei ng spaced apart
f rom eaclpsot/heter at datgtransfigrdipbedsiof up éo elatvt ¢) Gbash 30conduct or set having two

conduetors bou g B AR SR A A SR LS,
rangsg target characteristic impedance over a cable length of about 1 meter.

One or more conductor sets of the cable may comprise a first conductor set and a
second conductor set, each conductor set having a first insulated conductor and a second
insulated conductor and a high frequency electrical isolation of the first insulated
conductor relative to the second insulated conductor in each conductor set may be

20 substantially less than a high frequency electrical isolation of the first conductor set
relative to an adjacent conductor set.

The high frequency isolation of the first insulated conductor relative to the second
conductor is a first far end crosstalk C1 at a specified frequency range of 5-15 GHz and a
length of 1 meter, and the high frequency isolation of the first conductor set relative to the

25 adjacent conductor set is a second far end crosstalk C2 at the specified frequency. C2 can
be at least 10 dB lower than C1.

The cable may have d;/D less than 0.1.

A shielded electrical cable includes a plurality of conductor sets extending along a
length of the cable and being spaced apart from each other along a width of the cable, each

30 conductor set having two conductors having a size no greater than 24 AWG and each

conductor set having a signal attenuation of less than -20 dB/meter over a frequency range
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WO 2012/ 030367PCT/ US2010/ 060640 of O to 20GHz. The cable al so includes a
drain wire and first and second shielding filns di sposed on opposite sides
of the cawbepizdiaessli rst and second shielding fil s incl edirng2@owers4porti ons
and pinched portions arranged such that, in transverse cross section, the
cover portions of the first and second filnms, in conbination, substantially
surround each 5conductor set, and the pinched portions of the first and
second filns, in conbination, form pinched portions of the cable on each

si de of eagh,0aRUuCHL cﬁﬁ'g -alsEQfliCI@&eslaQﬁﬁh Jﬁfkeatﬁi %reccﬁﬁffhiefi’diﬁg RARati on

between the drain wire and a cl osest conductor of the conductor set may be
great er tchspos@l &n opposse sideseofithe cable, tlenfimt arsiacomigshiddine dihms heslitdnog

conductors of the conductor set. 10A shielded electrical cable i ncl ude
o pl ur al i Ry ROERARE PSS parTiaRs BRHNERE SUNY: I TR GP HEI¥hdie and
bei ng spages RRE6s R TResH REORS il ot dihaion, besiahﬁalﬁé‘ﬁh%un@@é‘dh

conductor sets haV|n3 two conductors arranged in a tw naxial configuration,
each’ of tdeadeaserchgt od herundhed partsing ef e fysteat seconddimedn ApBbirRfipstfornd

second shi.el. di,ng .fil are di sposed . on. oppasi t e, sides. of the cable, neither
b e di g Rt daias PR oo eGP SRR RS s TP e o€ s el i ng

filmto coveictdéRt, agsshisli®l bdets the dhid Wisiades ctisedtRéndirbdref thach conduct or
set has an insertion |oss of |ess than -20 dB/ nmeter over a frequency range
of 0 to Xowpctergt @AY bageatar #innl b §mgs @ ceieite SenanIacHE betrecc st or set

i s about y..al so include at | east one drain wire, wherein
Ao UL

the first I'ng filnms include cover portions and pinched
por i® ons arr angelicklog blcti@tl, cable rhaaimslude a @by of sewducan sctk betcadivgr

portions of the first and second filns, in_conbipation, substantjally
sur round %’IﬁEeﬁhei‘ﬁl&rcag_@&ndiﬁalgt%?e&iaﬁ&lﬁé@% tehiogts alope ey ds #¢fe and
second fid,pR, cdch Bﬁcﬁﬂ%'td}%%ﬂs%ving%@c@h&ﬁﬂﬁéjaﬁﬁ{eg%h NS tihatileconfiBlRtigR each
side of each conductor set, wheérein, for at | east one conductor set, a

separ at i anaclpef theennduvtors bmtieg a size nhgradteaithmn28wh Wes . alidst tahé seoend elicldingc| osest
conduct or..of the conductor set can4@§ %&eatqk tines .a center to
hee f

) th .0.
center spHEIAE HERRELAN PRROYIGSIEDR & T5fthey él?e@%ﬂa%&wm@&f?sa A

shi ef ded 16hE&ididat fld @RPbAert N HWHR IR Bt EddvieY thRfcof @NEMGERTonIRISsiB& &Ndi ng
along a length of the cable and being spaced apart from each other along a

wi dt h of thhieabdaibEach condurterfsct s andnsbuicaroloss afdess thampPids/mgtet axer@onduct or' s
o 12000 o G o U 0 AORELADSO FRNHE 2 0 YRS
opposi t e ishblag zed. t he cable, neither shielding filmconprising a seamthat
The cable may also include at least one drain wire, wherein the first and second
20 shielding films include cover portions and pinched portions arranged such that, in
transverse cross section, the cover portions of the first and second films, in combination,
substantially surround each conductor set, and the pinched portions of the first and second
films, in combination, form pinched portions of the cable on each side of each conductor
set, wherein, for at least one conductor set, a separation between the center of the drain
25 wire and the center of closest conductor of the conductor set can be greater than 0.5 times
a center to center spacing between the two conductors of the conductor set.
A shielded electrical cable includes a plurality of conductor sets extending along a
length of the cable and being spaced apart from each other along a width of the cable, each
of the conductors sets comprising two conductors arranged in a twinaxial configuration,

30 neither conductor having a size greater than 24 AWG. First and second shielding films are

disposed on opposite sides of the cable, neither shielding film comprising a seam that
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WO 2012/ 030367PCT/ US2010/ 060640 bonds the shielding filmto itself, wherein
each conductor set has an insertion |oss of less than -20 dB/ neter over a
frequencywoanp#3afe7’0 to 20GHz and an insertion | oss duePCo/useslonensse | 0ss
of the conductor set is about zero. Each shielding film individually, may
surround less than all of a periphery of each 5conductor set. The
above summary of the present invention is not intended to describe each

di scl osed enbodi nent or every inplenmentation of the present invention. The

Fi gures %ﬂd?ﬁﬁe%hieﬁﬁngﬁﬁﬁ Ed RIIOWhERBE calcR bW RE S OMTAR & sBRIhT 164! R do¥
exenplify 11lTustrative enbodi nents. 10BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 i sha POrdisecter vecna feequoficyamngxeffhlol0GHpuidinmestrtiaf loas duvi tel ded
el ectri cal cablq; Figﬁ. 2a:%%1a{e front cross-sectional views of
seven exdiANARS 105 dhnEamAUCtgr Seh INHhodl #8Q el ectrical cable; 15Fig. 3 is a

perspective Vi@éﬁ’h@ﬁiekﬂ% s, ehdlefusile ¢hdy eabus@RkeHarhll 6F 8 pedpticey 5T QRhed to
a printed circuit board. Figs. 4a-4d are top views of ‘an ‘exenplary

t er id nat icondyntercsess of a shielded electrical cable; Fig. 5is a top view of
anot her exerrplﬂlreyafbenbodi nment f?f a shiel ded el ec%ri c Ie%ﬁo abl.e; cgbl e; Fig.
0

6 is atop view OGOt e eX elrlﬁali’rg?eﬁl t énrsr’ﬁ%%‘l) it %]%en | qsﬁrét()f' Bfectri cal
disclosed embodiment or every implementation of the present invention. The Figures and
detailed description that follow below more particularly exemplify illustrative

embodiments.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of an exemplary embodiment of a shielded electrical
cable;
Figs. 2a-2g are front cross-sectional views of seven exemplary embodiments of a
shielded electrical cable;
15 Fig. 3 is a perspective view of two shielded electrical cables of Fig. 1 terminated to
a printed circuit board.
Figs. 4a-4d are top views of an exemplary termination process of a shielded
clectrical cable;
Fig. 5 is a top view of another exemplary embodiment of a shielded electrical
20 cable;
Fig. 6 is a top view of another exemplary embodiment of a shielded electrical
cable;
Figs. 7a-7d are front cross-sectional views of four other exemplary embodiments
of a shielded electrical cable;
25 Figs. 8a-8c are front cross-sectional views of three other exemplary embodiments
of a shielded electrical cable;
Figs. 9a-9b are top and partially cross-sectional front views, respectively, of an
exemplary embodiment of an electrical assembly terminated to a printed circuit board.
Figs. 10a-10e¢ and 10f-10g are perspective and front cross-sectional views,

30 respectively, illustrating an exemplary method of making a shielded electrical cable;



Figs. 7a-7d are front cross-sectional views of four other exenplary

enbodi nents of a shielded electrical cable; 25Figs. 8a-8c are front

cr oss- secwpanelo3vicews of three ot her exenplary enbodi nerCs/uskoia/ostsiel ded

el ectrical cable; Figs. 9a-9b are top and partially cross-sectional
front views, respectively, of an exenplary enbodi nent of an el ectrical
assenbly termnated to a printed circuit board. Figs. 10a-10e and 10f-1 Qg
are perspective and front cross-sectional views, 30respectiv¢|y,

il lustrating an,exemhany i bRds Qéctlgﬁéﬂ' salllﬁmaﬁ geddde?elﬂe&ta'h'e%@lln gaple; WO
2012/ 030367PCT/ £52010/ 060640 R A T sagmpl?Y ol

Vi ews iIhn@ho@bfm@bagdshakhd@kmanmbwéhplary met hod of naklng a shi el ded

el ectrical a front. cross

ot her *oxenpIIdEy 13 FIRIHTO G SATHSMARY WL AR TR BT G BERTmITE t o an
aspect ofy sIh'Ih@dé?ir&&%ﬁéal e BédoRdin ﬂdarﬁas?@&rd'f ARARABLNBVERTA dnd\l ew,

respectively. Figs. 13a- 1 are front cross-sectional views of two
ot he¥ exmwd@mmlmwgeﬁﬁ%wghl el ded el ectrical cable according to an
aspect of the re t|o

cr bss- sect | ondley e B Shiarecdomni R Rt ohsR P Br b P aimenisg

el ectri calf agatlded el&ﬁhc%cabl&accbﬁﬁn%foanfarspm oﬁﬂféﬁﬁes‘éﬁﬁhtf@ﬂ@h Vi ews of thr ee
ot her exenpl ar% enbodi ments of a i el ded el ectrical cable;
16a- 169 are frigat 16#-048 aedeqnt srsp-sersioanll vigweistwiol atherexamplegy @@b%mé&térrpl ary

srodt eny, gl aialielygr 1 on of 3 s eLded electrcal cabler Fios
15enodi ment dfiga 1paql &t hel frqgmo ctasosectibna vsidsvi/sed)fdh&e@kmmémlahrycggl e; Y
embodiments of a shielded electrical cable;
Figs. 16a-16g are front cross-sectional detail views illustrating seven exemplary
embodiments of a parallel portion of a shielded electrical cable;
Figs. 17a-17b are front cross-sectional detail views of another exemplary
15 embodiment of a parallel portion of a shielded electrical cable;
Fig. 18 is a front cross-sectional detail view of another exemplary embodiment of a
shielded electrical cable in a bent configuration.
Fig. 19 is a front cross-sectional detail view of another exemplary embodiment of a
shielded electrical cable;
20 Figs. 20a-20f are front cross-sectional detail views illustrating six other exemplary
embodiments of a parallel portion of a shielded electrical cable;
Figs. 21-22 are front cross-sectional views of two other exemplary embodiments of
a shielded electrical cable;
Fig. 23 is a front cross-sectional view of another exemplary embodiment of a
25 shielded electrical cable;
Fig. 24 is a front cross-sectional view of another exemplary embodiment of a
shielded electrical cable;
Fig. 25 is a front cross-sectional view of another exemplary embodiment of a
shielded electrical cable;
30 Fig. 26a-26d are front cross-sectional views of four other exemplary embodiments

of a shielded electrical cable;



Fig. 18 is a front cross-sectional detail view of another exenplary

enbodi nent of a shielded electrical cable in a bent configuration.

Fig. 19 iwoaofwmpnic7cr oss-sectional detail view of anot hecTasemploarcyo

enbodi nent of a shielded electrical cable; 20Figs. 20a-20f are front
cross-sectional detail views illustrating six other exenplary enbodi nents
of a parallel portion of a shielded electrical cable; Figs. 21-22 are
front cross-sectional views of two other exenplary enbodi nents of a

shi el ded el eCtFl C2a7lls% g}n?crogé Qectlgﬁial' f Ifter kA5 la @ﬂf-ﬁl&&iﬂﬁ&t‘ﬂfﬁw of

anot her exenpla of a 25s |elded el ect cabl e; Fi g.
24 is a.fdﬁmnakm@%mmﬁedﬂ¢onal vi ew of anot her exenplary enbodi nent of a

shi el ded el ect 515 front cross-sectignal V|em10f
another exenplldby e Ene: ossaobtin Bien S of et Piies P EaH S St S sar 260
are frontofGrassiciddchiaptanrd.ews of four other exenplary enbodi ments of a
shiel ded el ectrical cable; WD 2012/030367PCT/ US2010/ 060640 Fig. 27
is afront croFsg Vat9danafronti csopsekctinnet wews ef fmplothey cxarailyreartodisherds

shi el ded ? 4 ed%wa blo- Fig. 28a-28d are front cross-sectional

Vi ews of‘?our er exenﬁﬁ ary enbodi nents of a shielded electrical cable;

S5Fi g. 29a-29d FEpe30kionpberspasise SR dfandlicl¥ddessctolal tasle agth®ly @xemnpy ary
enbodi ments. of _a shielded el ectrical cable; Fig. 30a is a perspective
view of aitdiar Bighawckingdensiyf theondugessstivl y that may utilize high packing

density of t heFlng RPN GEPE0SHE Front cross-sectional views of exemplary shielded electrical
10 cables, which figures also depict parameters useful in characterizing the density of the
conductor sets;

Fig. 30d is a top view of an exemplary shielded electrical cable assembly in which
a shielded cable is attached to a termination component, and Fig. 30¢ is a side view
thereof;

15 Figs. 30f and 30g are photographs of a shielded electrical cable that was fabricated;

Fig. 31ais a front cross-sectional view of an exemplary shiclded electrical cable
showing some possible drain wire positions;

Figs. 31b and 31c are detailed front cross-sectional views of a portion of a shielded
cable, demonstrating one technique for providing on-demand electrical contact between a

20 drain wire and shielding film(s) at a localized area;

Fig 31d is a schematic front cross-sectional view of a cable showing one procedure
for treating the cable at a selected area to provide on-demand contact;

Figs. 31e and 31f are top views of a shielded electrical cable assembly, showing
alternative configurations in which one may choose to provide on-demand contact

25 between drain wires and shielding film(s);

Fig 31g is a top view of another shielded electrical cable assembly, showing
another configuration in which one may choose to provide on-demand contact between
drain wires and shielding film(s);

Fig 32a is a photograph of a shielded electrical cable that was fabricated and

30 treated to have on-demand drain wire contacts, and Fig. 32b is an enlarged detail of a



Figs. 30b and 30c are front cross-sectional views of exenplary shiel ded

el ectrical 10cables, which figures also depict paraneters useful in

char act erwoizap/@3hs7densi ty of the conductor sets; Fig. B00/US3018/06@po vi ew of
an exenpl ary shielded electrical cable assenbly in which a shielded cable
is attached to a term nation conponent, and Fig. 30e is a side view

t hereof; 15Figs. 30f and 30g are photographs of a shielded electrical cable
that was fabricated; Fig. 3la is a front cross-sectional view of an

exenpl ar Bsfpo%tf?&%fﬁtqg. ﬁa?&{dfﬁigaichg@ &eﬁﬁ@i\eﬂrgﬁ%&%ﬁo{?g?éh%hﬁelgvfa@{oﬁal"\&ié&.
posi tions; Fi gs. | b ang 31lc ar etailed front cross-sectiona
vi ews of of oportd ofthofcalde shFey d2d cabl e, denobnstrati ng one techni que for

provi di ng on- .el ectr.ical. con t between a 20drain wre and i el di ng
I s "o Ca Hagasn o gt o a SRRl es et S SR el e

cr OSS-seCdraiﬁwes\ebgMe@to Sach ¥ thOM NéhigBRgATAcedure for treating the
cable at a selected area to provide on-demand contact; Figs. 3le and 31f

are Yop vi ews log. Redhi tipdaew of erathé¢rehicldedisl estragad esthd gssershlvthaigmploys
alternatiyve..confi.gur.ations in which one hggse 40 pr.ovi de,on-.demand
contact ZABuPhRaH AR 8RR HRh Clher BiafThy: FRRE . RUERIEAETSS o

vi ew of am@hp&l inshfaglodecbrfigasitioh Cald g ll2¢ i 96 sodcytiond @ Wwnel tho edtie kit
configuration in which one nmay choose to provide on-denand contact between
drain wi rles 328281t EIHBAG fil n(s); Fig 32a is a photograph of

a shiel ded el agfri - ] ve
on-demand dr aﬁﬁévﬁ3§‘;‘3§ %OC%BL égvtvté)? g%%ﬁgéﬂge?&g 7] g&?ﬁ&gg%g%ﬁsg%%g@ttg%teal ! of a WO
20120 03036uREIE/ duSA Glifs @6 044 tpech iodter dfrolghga shid@dingdiioh, Fegisseddy hlso a

schematic representation of a front elevationpal view of one. end. of the
cabl e of Chﬁifgg. arggiged 1n a fan-quf gonfj%ﬁtiog, %@g 33?@% gpssssestpnal yisy of tg%t ri cal

cabl e assgpRlyihdaty-espbeys My tiple drain wires coupled to each ot her
t hrough a shiefd?ng ?g?njlgF?E? 32e is a top view of another shiel ded

el ectrical cabligs. 33s€nisl sgherhatic feornd|coyss-seationhlptiewslobshneldéd dsctocalphldds t 0 each
ot her throu%% a shiekﬁj&% HP'”I the assenbly being arranged in a fan-out
confi gur BB, MIXAY CHACOBSSS s 4 cross-sectional view of the cable at |ine

3291829 of Fi rig3RB8iis a schematic front cross-sectional view of another shielded electrical
cable having mixed conductor sets, and Fig. 33h schematically depicts groups of low
speed insulated conductor sets useable in a mixed conductor set shielded cable;

Figs. 34a, 34b, and 34c¢ are schematic top views of shielded cable assemblies in
which a termination component of the assembly includes one or more conduction path that
20 re-routes one or more low speed signal lines from one end of the termination component to
the other; and
Fig. 34d is a photograph of a mixed conductor set shiclded cable assembly that was
fabricated.
Fig. 35a is a perspective view of an example cable construction;
25 Fig. 35b is a cross section view of the example cable construction of Fig. 35a;
Figs. 35¢-35¢ are a cross section views of example alternate cable constructions;
Figs. 35f is a cross section of a portion of an example cable showing dimensions of
interest;
Figs. 35g and 35h are block diagrams illustrating steps of an example
30 manufacturing procedure;

Fig. 36a is a graph illustrating results of analysis of example cable constructions;
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Fig. 33ais a top view of another shielded electrical cable assenbly that
enploys 10 nultiple drain wires coupled to each other through a shielding
film thewassenmsbis7al so being arranged in a fan-out confPcgarsativomes@nd Fi g
33b is a cross-sectional view of the cable at |ine 33b-33b of Fig. 33a;
Figs. 33c-f are schematic front cross-sectional views of shielded

el ectrical cables having m xed conductor sets; 15Fig. 33g is a schematic
front cross-sectional view of another shielded electrical cable having

m xed conduct Qo SRbSs a 2Rds KcBon §1%1V1§1% REmRbAA Aih¥h 5%@ o€ irerbt QREVOfo, thOw

speed |nsulated conductor sets useablfe 1n a m xed conductor set shielded
cabl e; analysiGiofj§ig. 3@, 34b, and 34c are schematic top views of shiel ded

cabl e assenblies j mhlch a terni.nation ¢ ent . of 't he assenbl cl udes
oo or nore. cdatiEivhoH: forririag: SR b NS gnal
lines fromeanalesle,of the term nation conponent to the other; and

Fig. 34d is a photograph of a m xed conductor set shiel ded cable assenbl y
t hatS was fabr @at%@ is Fifignt gBes-jestianghatesipelon partiow peanatifer gheraplanpihécldabl e
constructlon 5F| 35b is a cross section view of the exanple cable
constructlon G 35a; Figs. 35c-35e are a cross section views of

exanpl e alter fFigeSGé&@h €rof0RBEs-dectidrN Sicwsiof dtheBpbrtioBs 6f &eaptars skitidod of a
portion of an exanple cable show ng di nensions of interest; Figs. 35g and

35h are 51%%&@@F§§@hns illustrating steps of an exanpl e 30manufacturing

Canl o const ucrEon * (5 96T s lTHER (B CabRiBl UMY RlcBefty P CP ©

crod® seatablen shomnng addi tional dinensions of interest relatlve to the
anal ysi s of Fqugs. 3223370 are front cross-sectional views of further exemplary shielded
electrical cables;
Figs. 38a-38d are top views that illustrate different procedures of an exemplary
termination process of a shielded electrical cable to a termination component;
15 Figs. 39a-39c¢ are front cross-sectional views of still further exemplary shielded
clectrical cables; and
Fig. 40 is a graph of the insertion loss of a shielded electrical cable having 30
AWG silver plated conductors;
Fig. 41 is a graph of the insertion loss of a shielded electrical cable having 30
20 AWG tin plated conductors;
Fig. 42 shows a cable that has a wrapped shield;
Fig. 43 is a photograph of the cross section of twinaxial configuration of a shiclded
electrical cable;
Fig. 44 are graphs that compare the insertion loss due to resonance of a cable
25 having a wrapped shield with a cable having two shielding films with cover portions and
pinched portions as described herein;
Fig. 45 shows insertion low for three different cable lengths;
Fig. 46 shows a cable that has a longitudinally folded shield;
Fig. 47 is a graph comparing the electrical isolation performance of two sample

30 cables;



Fig. 36c is a front cross-sectional view of a portion of another exenplary
shiel ded electrical cable; 5Fig. 36d is a front cross-sectional view of a
porti on oVoanttdsess7exenpl ary shi el ded el ectrical cabl e; PCT/US201Bi0gN64B6€e IS a
front cross-sectional views of other portions of exenplary shiel ded

el ectrical cables; Fig. 36f is a front cross-sectional view of another
exenpl ary shielded electrical 10cable; Figs. 36g-37c are front
cross-sectional views of further exenplary shielded el ectrical cables;

Fi gs. 38a-38d fq%e48t19a bch%veﬁagrmtﬂmétﬂaaﬁgeaﬁgﬁa i1E fRf R ﬁfe%ih'f g%l% an

exenpl ary term nati on process of a shielded ectric cable t
t er m nat iversus dofdantientof a tatHegs. 39a-39c are front cross sectional views of

still further xe | ary . shi el ded. el ectri cab . a gr aph
of the i nsort ilgs Aagt 50 S8 GpitEwn e beib e SRedE o e MdiondSmier i el
pl at ed cqggggugﬁs Fig. 41 is a graph of the insertion |oss of a shiel ded
electrical cable having 30 20AWG tin plated conductors; Fig. 42 shows a
cabl® that hadig Mriappegirighiis|gjaph summariing awglgeyahlephﬁfomga*@qﬂﬁctwn tehié cross
section q%remnn?X|%h configuration of a shielded electrical cable;

pl€ cables.

DETAILED DESCRIPTION
As the number and speed of interconnected devices increases, electrical cables that
carry signals between such devices need to be smaller and capable of carrying higher

10 speed signals without unacceptable interference or crosstalk. Shielding is used in some
electrical cables to reduce interactions between signals carried by neighboring conductors.
Many of the cables described herein have a generally flat configuration, and include
conductor sets that extend along a length of the cable, as well as electrical shielding films
disposed on opposite sides of the cable. Pinched portions of the shielding films between

15 adjacent conductor sets help to electrically isolate the conductor sets from each other.
Many of the cables also include drain wires that electrically connect to the shields, and
extend along the length of the cable. The cable configurations described herein can help
to simplify connections to the conductor sets and drain wires, reduce the size of the cable
connection sites, and/or provide opportunities for mass termination of the cable.

20 Figure 1 illustrates an exemplary shielded electrical cable 2 that includes a
plurality of conductor sets 4 spaced apart from each other along all or a portion of a width,
w, of the cable 2 and extend along a length, L, of the cable 2. The cable 2 may be
arranged generally in a planar configuration as illustrated in Fig. 1 or may be folded at one
or more places along its length into a folded configuration. In some implementations,

25 some parts of cable 2 may be arranged in a planar configuration and other parts of the
cable may be folded. In some configurations, at least one of the conductor sets 4 of the
cable 2 includes two insulated conductors 6 extending along a length, L, of cable 2. The
two insulated conductors 6 of the conductor sets 4 may be arranged substantially parallel
along all or a portion of the length, L, of the cable 2. Insulated conductors 6 may include

30 insulated signal wires, insulated power wires, or insulated ground wires. Two shielding

films 8 are disposed on opposite sides of the cable 2.
9



Fig. 44 are graphs that conpare the insertion |oss due to resonance of a
cabl e 25having a wapped shield with a cable having two shielding filns
wi t h covewoporza3essg and pi nched portions as descri bed heceius201Biogne4et5 shows
insertion low for three different cable lengths; Fig. 46 shows a cable that
has a longitudinally folded shield; Fig. 47 is a graph conparing the

el ectrical isolation performance of two sanple 30cables; WO

2012/ 030367PCT/ US2010/ 060640 Fig. 48 is a block diagramillustrating

an exanpl e t esfp Shiumdfe on'&%ﬁ?e‘lﬁlh%ﬂhﬁé)ﬁ Gfe a‘f&h@&?scﬂﬁﬁﬂ R0l ?r%sscab' &

Figs. 49 and 50 are graphs show ng results of "exanpl e force-deflection
t ests f orsectabl, eshle amtmbhﬁiésgovﬁsleglsnsam alglapmcthemrcglqrsakﬂw Is timnenviez reggpnaidr age

val ues of forc flection t l.es ED DESCRI PTI ON
PO T O S N I YR R AT oy b Ve N
cabl es t rk@&tlcﬁ?srubytaﬁtwl@z%hﬁo@ﬁ é‘!é%ﬁ%oﬁ&lfc'fbr@@t\/cl CEsr e&@ﬁglet éb%@péﬁi%hé 8f thand
capabl e of carrying higher 10speed signals w thout unacceptable

i nt ef f er shisdding ﬁ&,rn@@gmollkectlsﬂwnmmgass st lgad0i%h csahizags|7e ¢, of etlcast 88Yes to
reduce | nter acline betucea Sl onal s gRLLed, by, BeLahRori ng. sandugtors. Many

of the cablles® er el € a ge y ['guratron, and

i ncl ude gRAIBINST tBefifst hitBdecoxd ﬁﬁ@idﬁ@dﬂ@s&foﬂnﬁnﬁtﬂmdhéd tdg&malslcﬁ,caas 2wl | as
el ectrical shielding filns di‘stosed on opposite sides of the cable. Pinched

porti ons gfh tiHe oseacBIcandustanisrit Behowshabisajoas dhof Berableopnaetlothel p to
el ectri Ca[hé: Xhiél:agllgaﬁlﬁls%rh?e S&Té%'t&it, Bflngiﬁé ﬁlefﬂ’u%ﬂeg %891091& B%rf the shielding films 8

10 into closer proximity. In some configurations, as illustrated in Fig. 1, both of the shielding
films 8 are deflected in the pinched regions 18 to bring the pinched portions 9 into closer
proximity. In some configurations, one of the shielding films may remain relatively flat in
the pinched regions 18 when the cable is in a planar or unfolded configuration, and the
other shielding film on the opposite side of the cable may be deflected to bring the pinched

15 portions of the shielding film into closer proximity.

The conductors 6 may comprise any suitable conductive material and may have a
variety of cross sectional shapes and sizes. For example, in cross section, the conductors
and/or ground wires may be circular, oval, rectangular or any other shape. One or more
conductors and/or ground wires in a cable may have one shape and/or size that differs

20 from other one or more conductors and/or ground wires in the cable. The conductors
and/or ground wires may be solid or stranded wires. All of the conductors and/or ground
wires in a cable may be stranded, all may be solid, or some may be stranded and some
solid. Stranded conductors and/or ground wires may take on different sizes and/or shapes.
The connectors and/or ground wires may be coated or plated with various metals and/or

25 metallic materials, including gold, silver, tin, and/or other materials.

The material used to insulate the conductors of the conductor sets may be any
suitable material that achieves the desired electrical properties of the cable. In some cases,
the insulation used may be a foamed insulation which includes air to reduce the dielectric
constant and the overall thickness of the cable.

30 The shielding films 8 may comprise a conductive material including but not

limited to copper, silver, aluminum, gold, and/or alloys thereof. The shielding films 8 may

10



Many of the cables also include drain wires that electrically connect to
the shields, and extend along the Iength of the cable. The cable

conf i gur avpanr/mdexcri bed herein can help to sinplify coroEaiSeandeica t he
conductor sets and drain wires, reduce the size of the cable connection
sites, and/or provide opportunities for nmass term nation of the cable.
20Figure 1 illustrates an exenplary shielded electrical cable 2 that
includes a plurality of conductor sets 4 spaced apart from each other al ong
all or a @Oy ipi21abAidt coiiuchlc hitFo AL onudRd 167 BhRRG:A chenat N,
L, of the c&%ﬁe f’l)ﬁé$%ab gozlﬁayebe %rrangggugenegék y ﬁn ap agar

conf i gur atrinoore af thielshigktin@fibus 8 mafiigelude ocondagtivedayalcdegrising theecondugtbre

pl aces an its.length into a folde con t|o

Prip! enenafFatend s5aandkive Pob iR 3 Hhe i Bt tibered anar

confi gur ahicRRes3 NEthe e JPATISmA to NS HALINA theyvdal fHdkded: oftRe &®Emay
configurations, at |east one of the conductor sets 4 of the cable 2

i ncluides bedessithend mnedr lesmitierci oms. 6 extendlng al ong a Iength L, of cable
2. The two in ond cLor tor. se arranged
substant i al 1y HiaPRarRay i My R aghiSh RN B RineSE g hictEigR | e

cable 2. filns§ atled: K‘@Wé&ﬁh@ pﬁlcﬁedvpombm utliee adicsisellaaten) sorgilahe pihsled
i nsul ated power wires, or inhsulated ground wires. Two shi el di ng films 8 are

di sposed RWiQIoitheshipldmg fHmsBHe e@%lmtberzn tmlgd@éﬂeee%b&@hemqe/ 060640
The fi rStTl?e’h‘&héﬁ& ’Ag @Wﬁ%}fjbr&% hotB es%{l{em%égdw &M‘ﬁ#tge Lfhid hansverse

Cross section, es cove regi ons 1 nc regions 18. In
t hel@over regllomemééamfs dohéucaarbdets AQhaVthVSﬁbstmﬁ[aﬂlly@:lllsvﬂn@ﬂytshEpa‘dl anstlopnd

second shielding filns 8 in transver ubstantially surround
each concﬂEcPFBFleg"éfn Yansggype éliﬁ)éwc&on&ﬁ‘géﬁ &sﬂl% fgﬁ% B YWESHSHPEIMi ng fil ns
may col | &ghiiy@bdscREQRRAS B osthfi@sly cORfHn BlandmdiRF thd As-Qctilal t 80%

or at least 85%or at |east 90% of the perimeter of any given cong
set. Pi ncheg gdeasi mmsofDamf prefesatily rlong avizbtadiaby el sﬁ itled ldngtg If of thrs célde 61 t he

pi nched regi of cable 2 qgn each sid con et 4. In the
P hohed ragnGHan thegrosnge ol dhaf Ml s diastn CRESHILRP TG A M 8 ar e
def | ect e@etsbrasnﬁﬂeﬁ@edtlheh@dé@c@e& cBRdtdt&NStsY. ofhid ﬁ%n%’dif@dt jenfef sdrﬂ@ 8 10i nto
closer proximty. In sone configurations, as illustrated in Fig. 1, both of

t he shi el @nﬁgltlfonalrsbleédeaireéec@recfaﬂ lesdwhaye ﬂh’»eoqonm hetcﬂupem drigdd 2@und abr i ng t he
pi nched por% gclnto l.aser roxunhte(ﬁkﬁa leguratlons one of

[
t he shlefﬁllﬁ: hM1eSr%ﬁ%F%sfe he pi nched regions 18

when the cabl QAlltlﬁoulgH natlié|eﬁfb®ﬂlrﬁ)ént unjsaht@edn Bignf @uh abmdmtoraaoh hid&ewet her
shi el di ng f|In1on t he opposite side of the cable may be deflected to bring
t he pi ncHawlatshepndugiors &fin pHsT SRPRIIHICAE. FomaRTiahas ﬂ&fr CUEHCIBF S5t MRY y .

Thez&?“d‘{ﬁélﬁ&egorﬁ SR nféﬁfﬁ%rd' ﬁ%ﬁdﬁdgé( ééxul'nﬁgﬂlcﬁm%‘?ﬂ& Cfﬁa!n\‘[%o%%té@&orﬁlﬂgtofgay have

a variety o CPOYS Sectiona S and si zes. or exa I N Cross
section, @ héoreeadplet ar dtcamdivo rshlglrdad mtd:ctmenb@btmgmﬁer Qi desugh as thaoofalfig. 1

rectangul ar or agny other shape nor. e ctors and/or ound wires
in a cablBaniEgl ldges mugtﬁaag T o iods FRIRE EO “F‘Pésré O GIALRERREF one or
mor e CO”%%%QEI%W 91{1?1%9 G I @R d b Rort 6 eTlﬁ@EEﬁbﬂfHﬂﬁl &%‘%@ﬁ%ﬁé grand/ or

ground wires may be solid or stranded wres. t he conductors and/ or
ground wi qoeéuqtcpr satscalliesutrgd Gmdsctomrdeods thd dlsmdbhlekt@theltctrmal sbhes tomy be

o0 0. 8008 SEl ks SASTIE SERNEAOL SIS SR PURRIRASE PR 2k,
Coat ed orexRhtce theWohdul@ seRUsid iRutt & @ndi@brs may be configured to form: a
multiple twinaxial cable, i.e., multiple conductor sets each having two insulated
conductors; a multiple coaxial cable, i.e., multiple conductor sets each having only one
insulated conductor; or combinations thereof. In some embodiments, a conductor set may
30 further include a conductive shield (not shown) disposed around the one or more insulated

conductors, and an insulative jacket (not shown) disposed around the conductive shield.
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25metallic materials, including gold, silver, tin, and/or other materials.
The material used to insulate the conductors of the conductor sets may be
any suit asbeorea3eso7al that achi eves the desired el ectri ealr/yscapdsisies of
the cable. In some cases, the insulation used may be a foanmed i nsul ation
whi ch includes air to reduce the dielectric constant and the overall

t hi ckness of the cable. 30The shielding filns 8 may conprise a conductive
material including but not limted to copper, silver, alum num gold,

and/or al | oys 1, her 606 odtienSNh&tAidnd Hig 1" hlgldg@éflecty}@al cable 2 further includes
2012/ 030367PCT/ US2010/ 060640 conpri se” mi |'ayers of conductive and/or

non- conduptiond grayercondiators dﬁe C‘n'ameiscomdectors lr‘z‘ﬂna,y mf:lut:lh erasinil e\l'lljhsm)gdfallﬂ ns 8
may i ncl ude a onductiyve | he conduct..ve and a
non- condubesy STREIY sndhEtors et ARG S Sy et S ihen ! Ckness
in the range kel iA¥RI4&d Qorﬁ’i%ct%l‘@ @nﬁuélﬁﬁlg@i’lﬁfs% dan%'é'd@slfa@@e’%ﬁar@ﬁnd he cable

may Sbe less than 2 nmor less th nm he cable 2 may al so

i nclude eﬁﬁolatﬂmdwoﬂsdﬂe T hﬁ@dhﬁsgﬁdsm lﬂén%dmmd§hieédlnlg fitms 8 [nencB otlter Ireast

por 1 ons ‘8¢ BPCRRIEHFR 40 RBn 3iasd OFePRRERBR PR e RRERRNERE P BT ons 10

of the caidctrichll -EbﬁtaatCH‘ﬂ@@JsMﬁldcﬁM&rshl@dlﬁ@)ﬁlmB 8nay not be present in the
cover region 14 of the cable 2. 10l n some cases, conductor sets 4 have a
substantial |y H@r@@quSﬁ@mayv@waséﬁlgénzﬁe?g)@éy BIPresent Yastoas shislded glegtissls e

Cr 0Ss- SeCL|,Qq, or?%ﬂm%@' Ftéﬂl&g rg“‘zo sh‘%‘er eadéléc‘?ﬁéa‘?@alﬂé LI CRRAAUE LRk Set S 4

such as to substantially con mal ntain the cross-sectio shape
al oh@y at doedisttorpat 104)fCoraimdtopscﬁf164abieydsazilomthsl]m%ﬂaofuhalchue ahd ha:sfqnljz he

length L of the ca : intainin the ross-sectjonal shape, maintains

the el ect%g&%mk&lﬂz?ﬁée?@w%ﬂgs% brceble Hiaduacbemade foBRgRd i n tho
l ct 4 spate C W f 1

desi gn of,gq Pé%h éleste%ﬂ) NMed 2 ért%nfiéia\éﬁ%%% 1BYE] ﬁf?ﬁ'@ &19 1L b@i“'ﬂ

shi el ded e trlc ere |sp05|ng a conductive shield around
conduct orand@ktendmggkmgtaﬁength of thegeblei dival shsdidipe fibs tlﬂl&almimmmdnn set .

two | noul APBH U ORI aot, 1 BekaD TR siend i e &5 EPR gt e © "

congsict Orre%@f@lmaﬂn%ﬁ)é BRIcHERIRN 4 Te EdbRU] @actheGRRMIEE Alms FUS iRBMdE Ncl ude
nore than two insul ated conductors 6. For exarrpl e, an alternative shiel ded

el ect ri calovergwsireonsi 197|that coverdestepduetor s¢idf4.oin mrg'»verie ﬁmys jogtpmdlec eaver

conduct or_set tlhat. has | sul ated cond gLors ght ..cond yctor
cots sacrRE T et L PRGOS R R a0 Raior by a0 I pRAPRHRY

ar r angenmaggisnof 1 comueicitis 1621, shoahitlding ﬁﬂrﬁﬁ 1:@8 mohdu @inehsd pcbrh@mmm
di scl osed shiel ded el ectrical_ cables to 25be configured in ways that are
sui t abl e el side gf the condycgarypeok04 nt ended appl i cations. For exanple, the

const ot oct syFBRAEHLRL GO SOPRA B hiole SO QAR TR, =

mul t1 pl e tw naxi uctor sets aving two
i nsul at ecSlnﬂd@tiJﬂEcm’lsal cabloD2a firthec akidas opstadnbbgroindconduuiots Hi2ze Gronntlict or

zgﬁnsa Zﬁggﬂg ?rg ?g % On%‘éilc a(%?lu&g{n? ngqgnudcﬁlos{lbstantlaﬁy t el sra]l%;[el 1r%§t1(§nha?sr eof In

insulated conductor 106. Conductor set 104 and ground conductors 112 can be arranged
so that they lie generally in a plane as illustrated in Fig. 2a.

25 Second cover portions 113 of shielding films 108 are disposed around, and cover,
the ground conductors 112. The adhesive layer 110 may bond the shielding films 108 to
cach other on both sides of ground conductors 112. Ground conductors 112 may
electrically contact at least one of shielding films 108. In Figure 2a, insulated conductor
106 and shielding films 108 are effectively arranged in a coaxial cable configuration. The

30 coaxial cable configuration of Fig. 2a can be used in a single ended circuit arrangement.

12



30further include a conductive shield (not shown) disposed around the one
or nore insulated conductors, and an insul ative jacket (not shown) disposed
around t hwocoredzeis7ve shiel d. WO 2012/ 030367PCT/ US2010/ @604%2010/060640 | n t he
enbodiment illustrated in Fig. 1, shielded electrical cable 2 further

i ncl udes optional ground conductors 12. G ound conductors 12 may i ncl ude
ground wires or drain wires. Ground conductors 12 can be spaced apart from
and extend in substantially the sane direction as insulated conductors 6.

Shi el ding fil ng i@lu&?aﬂecgﬁl it &9&&7@%@ %fd%%’ﬁl%tlgnzgrv%wgf F%”Q’é‘%é?é % afaxikien

adhesive layer 10 may bond shi el di ng to each ot'her in the pinched
porti ons sepaatidoih bsivebes tlm‘ cogmopmdomolﬂ?mfttbﬁr shidl@ingGlosdd8.codduat ovs 12 may

electrically contact .at t he shi el The

Cr 0ss. SedPIUREN PGSt abiech 3 BaclplporiydDo R e it Shmal

el ectrical calbfigs, sﬁbw@ﬁ{etddﬁgsﬁv@fa &aAloeRspobdll t@ecnl@e pafth&d o ARt st cal
cabl e 102a incl udes a single 10conductor set 104. Cbnductor set 104 extends

al ony t heh¢ elnglﬂhlgd“ﬂms H&8 ¢ diceinahgd momrﬂlﬁ o4 thei aableel 02asnd diseesed datirsnor

106. If S|red 2a, | ude nduct or
sets 104 BRstEhranf; FFPOMnESERIREPR B (RGeS el BUEEOROLE ane
ext endi n@o&bmgloﬁ 1I1¢ @tHe cablct1ioea C abihés arfingerabiitedhd iatiestvicl 19%er 106 baﬁ@ tlé sposed
on opposite sides of the cable. The cable 102a includes a cover glon 114

and pi nchiderhed pegionnd 09 obthe shictding Blovel08 taggther in the rircher scgiamy ]elsﬂf B¢ the
shi el di ng. bl MR 38 GV o‘}RE{rﬁ‘sﬁo%rfttﬁeO&?el&ﬁ% fﬁﬁé‘&m&;%o@é ifsfRegonduct or set

104. In trandverse cross Section, the cover rtions I'n conmbi nati on,
subﬂlantu@hﬂmﬁ@ﬂKEQHMM:mherﬁgmﬂuaumﬁﬂﬁﬁmbkﬂnualn t he pinched regions 118 of

the cable 102 e shie filoms 108, i ncl in hed tlons 09 on
each side of t Q L% b tFla@blsmﬁr&Pp%%Hﬁ affﬁé%ir 4%%%@1% may be

di sposed e@&ﬁé’iﬁ@ﬁleﬁﬂf'ﬁ&f l%l if?ﬁ!ulﬁf ﬂe?é%eéc@% rn%Pdl?'eQS‘e%t @da‘t’fﬁ% 151 ﬁf%' 26 ARl pridRda

further includes opti ground conduct or’s d conductors 112 are
spaced apmmtm¢abymdh@bexn@nmaﬁmf@ﬂWsmahtc@mipoﬁhﬁséﬂﬁefmwmb@hhmmﬁmg

i nsul ate ctor .106. ndu r set 104 and 0 ors,112 can be
o anged W8 AR Prafof er B bR s B ol inde 1 B4 OFRE S8R IR i g 55,
25Sezond HRAMBEMEAAT the alisesikIay 1508 Bbilis ke pibhRl pbPorar99 & aRaneddiag ound, and
cover, the ground conductors 112. The adhesive |ayer 110 may bond the

shi el di ngfilfis| 198 taggher in bapincbeheagions 1BStOﬁt®|Cdb1§ bt ﬂgﬁr glhgsive saydutt®r s 112.

Ground co duct rs.112 may. el ast af . shi el.di ng
i 1080 RO af ot d 5o AR b TRE bR B o O B Rho e 08

are effthM%ﬂkyeﬁkgﬁmjeﬂubﬂmacmaaxoaﬁ cabl e conflguratlon The 30coaX|a
cabl e configuratjion of Fi 2a can be used in a single ended circuit

arrangenent . Referng 50 bo3e Apcidadsiestigabeaibed02¢ is similar to shiclded electrical
20 cable 102a of Fig. 2a, except that cable 202¢ has a single conductor set 204 which has two

insulated conductors 206. If desired, the cable 202¢ may be made to include multiple
conductor sets 204 spaced part across a width of the cable 202¢ and extending along a
length of the cable. Insulated conductors 206 are arranged generally in a single plane and
effectively in a twinaxial configuration. The twin axial cable configuration of Fig. 2¢ can
25 be used in a differential pair circuit arrangement or in a single ended circuit arrangement.
Two shielding films 208 are disposed on opposite sides of conductor set 204. The
cable 202¢ includes a cover region 214 and pinched regions 218. In the cover region 214
of the cable 202, the shielding films 208 include cover portions 207 that cover the
conductor set 204. In transverse cross section, the cover portions 207, in combination,

30 substantially surround the conductor set 204. In the pinched regions 218 of the cable 202,
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As illustrated in the transverse cross sectional view of Fig. 2a, there is
a maxi num separation, D, between the cover portions 107 of the shielding
films 108woantk/@3bssre is a m ni num separation, dl, betweenTiuseoliorshed
portions 109 of the shielding filnms 108. Fig. 2a shows the adhesive |ayer
110 di sposed between the pinched portions 109 of 5the shielding filnms 108
in the pinched regions 118 of the cable 102a and di sposed between the cover
portions 107 of the shielding filns 108 and the insulated conductor 106 in
t he cover i ; : j r&: dhesi ve

| ayer 110" bonda e Ahs ORI AT chen 28 Risu" 200 P & A R E B R 5

t oget her 204. t he pi nched regions 118 of the cable, and bonds the cover

portions 107 of the shielding fi 108 to the sul at.ed ,10caond or 106 in
Phe cover regrshereribidiea et alfons vd SvorsehMirplymameattusbor 7 g
2b is simpi@dfed &e&ﬁ@il%aﬂ-l@QGZQﬁlrﬁbﬂiﬁEﬁldQ@@pthﬁf%@hﬂﬂ tcdu@bRMARE Sinkitend | fi ed
by simlar reference nunerals, except that in Figure 2b, the optional

adhesi ve drayskcondatiorsd 1A discpssed eravidysbywdenunheonsogters Hdeeroirgcadapart t he
shiel ding.fil 108 .and .t he..i.nsul at ed .conductor 106.in the ¢ r region 114
of the cabrs s8R AN Sk IRy AP SRS dROE el s d s R Donde ¢ he

pi nched podrdueias sctQB4©ind foushéslddetog F12k @en BOSringe s eiat theylidecpiragned
regions 118 of the cable, but the adhesive |ayer 110b does not bond cover
porti ons M@Plaw as Hiusgricd|iyFigg2¢i | ms 108 to the insul ated conductor 106 in

t he cover region: 3 ¢ i . shiel ded

el ectrical caﬁ%gmﬂé%ﬁafgié?ﬁ?ﬁgg%ﬁgégﬁfglggy%%%ggg?%ggﬁhgg%éﬁwgﬁﬁ 2a of

Fi gl0 2a, texcentthe bater patiioas 20w fhasshacldingdlims Q08¢ uledrois swinid@dh whi ch has
two insul ated.conductors 20

6. |f desi t ble 2 b de t
i ncl ude MEPERTE dedivlitiend ¢ BlERe R a8 ogie@ﬁlg s 813 AR FCICRRE cabl o
202c and aeaa;&ﬁthrsqgﬁafy?&g &3, BRDEnOnitlameTARL 08t BSW.BH 8L ifqMduEt o S 206

are arranged gener n"a single planean ectively in a tw naxi al

conf i gur aonductors386¢.wi n axi al cable configuration of Fig. 2c can 25be used

in a differenti.al, pair ¢ircuit. ra nt or,,in a sjngle ended ciyeuit
arrangenent . Fig. 2¢ %B'Sgﬁaéiﬁﬁﬁlﬁ%faﬁﬁ : %0 4968?%663@% n8]:r’1edcﬁ%t6%tfstzr&83i des
of ennducifere ﬁﬁéldi%g‘ﬁlmlhﬂs aofhk @i AE rdoitink RA8 Bf heGaVIBR0R @8H @lpaskd and

pi nched regions 218. In the cover region 214 of the cable 208, t he

shi el di ngpefweansheosver pettigde2@belethe poeidingnisnB@P8tand thciondited hendysivgtict or set
08 b RIS 5580 A5 IR e U e RS0,
of the calloebahd, the YRR ZrASAIMORETHI 2L FBAE6 208 together in the pinched
regions 218 of the cable 202¢, and also bonds the cover portions 207 of the shielding films
20 208 to the insulated conductors 206 in the cover region 214 of the cable 202¢.
Shielded cable 202d of Figure 2d is similar to cable 202¢ of Figure 2¢, with similar
elements identified by similar reference numerals, except that in cable 202d the optional
adhesive layer 210d is not present between the cover portions 207 of the shielding films
208 and the insulated conductors 206 in the cover region 214 of the cable. In this
25 arrangement, the adhesive layer 210d bonds the pinched portions 209 of the shielding
films 208 together in the pinched regions 218 of the cable, but does not bond the cover
portions 207 of the shielding films 208 to the insulated conductors 206 in the cover region
214 of the cable 202d.
Referring now to Fig. 2e, we see there a transverse cross-sectional view of a

30 shielded electrical cable 302 similar in many respects to the shielded electrical cable 102a

of Fig. 2a. However, where cable 102a includes a single conductor set 104 having only a
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the shielding filns 208 include pinched portions 209 on each side of the
conductor set 204. An optional adhesive |ayer 210c nay be di sposed
bet ween sWoebthazgeeli | ns 208. Shi el ded el ectrical cabl e POZwWSkanoiobwsno

i ncl udes optional ground conductors 212c simlar to 5ground conductors 112
di scussed previously. Gound conductors 212c are spaced apart from and
extend in substantially the sane direction as, insulated conductors 206c.
Conduct or set 204c and ground conductors 212c can be arranged so that they

|ie genergldiyids at%idr&)ﬁ‘&lﬁtcﬁfir(])k! SRt SRR UHE, ﬂiggel% %&%Lé%risétljﬁﬁttﬁﬁth‘ﬁgt\jf@ the

cross section o g. 2c, ere I's a maxi mum aration, D, 10between the
cover porinsubated 2@iductofs IMeecxsdnidelgdilong 4 iehpth o Gi8cgabtdiid2e Gablea3 G mayrben

separati on 1, between th i nche ortipns 209c of the shi el di. films
Sohe andhididp by S SRR S B B T ARE SRSt Wil oF 1 e
208c bet Wﬁ@@aﬂl@%i ﬁﬁ!%x@éxﬁﬁlgcﬂ&@ﬁeﬁg@l &Ql@eceabfé 2. aﬁsﬁﬁ@d\@oﬂdﬁl@to?sdﬁﬁﬁairé’ €

| ayer 210c dliﬁgsed bet ween the pinched portions 209 15of the shiel ding

fil s 208riangehelTstinelbiena teigiedmeirzable ofrangrmengbyiecrdo2nsideted copbistds bet ween
t he cover rtions 207.,of.the ,shielding fil 8 d e insul at ed
oo oo oraoB3hl AR dBLeid Mg S RlcRY SleRE snbidiBofing cBIE 3RS | 1oV

arrangenent, thguradhaspivie ah@yer shZl@al devtisal thtte poDEACH AR sirmOnsin 20fhyof t he
shielding filnms 208 together in theyginched re&%ons 218 of the cable 202c,
and al so TBHIES t@ Hie sk ofrsttiGappablo b2 agf Higelas Alayayehgvierq ¢blo2as to the

[ | at - i ' t 2

shi ol ded RIRRSUGHANE (FRBClR st 94 SRV RE B B hfubied SRgtal: Rstdle

wi t h0 si mdoaringhéosmrdtigel¢ darntuctor ed 40¥ tisit hid four nstilatcdvoeduntiore 486 sxterdiagpt t hat
i bl 02d th ti hesi I 210d i t ent bet th
LQVZ? pgraf?%l%%?%gfﬁefﬁgkﬁﬂe| ' Egblﬁ?‘mnaz naf 6 avd ElPk S8Rkt o s
206 int Q%ts%!%galc{)egggﬁ}@ ﬁ%ﬁfl%a@fl olRE1GBR Ewidtof ﬂﬁb%a@@?bf ahe HEL il’(lﬁ L1BA,

adhesi ve | ayer onds the pinched portions 209 of the s ng %ilns
208 t ogetalengthof theecapierd®Red regi ons 218 of the cable, but does not bond the

oo PO ons 20 LA TSRUR 008, L2080 L L et copduetors
see]4 her aylerélf;AnSH S8 Bokdu@fts 3EFIb P BAmay h8Vwast afoud@ThtLbiiedthsahfgited cal
cable 302 sim’lar in many respects to the shielded electrical cable 102a
conductors 106f extend along a length of the cable 302.
Referring back to Figs. 2a-2f, further embodiments of shielded electrical cables
may include a plurality of spaced apart conductor sets 104, 204, 304, or 404, or
combinations thereof, arranged generally in a single plane. Optionally, the shielded
20 electrical cables may include a plurality of ground conductors 112 spaced apart from, and
extending generally in the same direction as, the insulated conductors of the conductor
sets. In some configurations, the conductor sets and ground conductors can be arranged
generally in a single plane. Fig. 2g illustrates an exemplary embodiment of such a
shielded electrical cable.
25 Referring to Fig. 2g, shielded electrical cable 502 includes a plurality of spaced
apart conductor sets S04a, 504b arranged generally in plane. Shielded electrical cable 504
further includes optional ground conductors 112 disposed between conductor sets 504a,
504b and at both sides or edges of shielded electrical cable 504.
First and second shielding films 508 are disposed on opposite sides of the cable
30 504 and are arranged so that, in transverse cross section, the cable 504 includes cover

regions 524 and pinched regions 528. In the cover regions 524 of the cable, cover portions
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of Fig. 2a. However, where cable 102a includes a single conductor set 104
having only a WD 2012/ 030367PCT/ US2010/ 060640 si ngl e i nsul ated conduct or
106, cablwo20R/i3ms7udes a singl e conductor set 304 that Phagstew/obessul at ed
conductors 306 extending along a |l ength of the cable 302. Cable 302 may be
made to have nultiple conductor sets 304 spaced apart from each ot her
across a wdth of the cable 302 and extending along a |l ength of the cable
302. Insul ated conductors 306 are 5arranged effectively in a twi sted pair

cabl e ar rRQe R fint éMElesre ﬁ%ﬂogfh'ibi hatheds § glut%ng{féfseg%ssté%t%n %Ib@t‘dﬂﬁ'al gach other

and extend al ong a I engt cabfe 302. Figure 2t depict's anot her
shi el ded setrectd eachlcon@tsrtce sdﬁﬂMlahéMh Faalesanglienthk apvdr portamy of dsdesttandt o t he

shi el ded el ect ble 10 f Fi a Howev wher e cabl 102a
ot udes ety he Hin fuprdartoes vy Saroi serhgrioeear

conduct orendf@passblaelch® 7402, bk lidideson tlanithe S0onN et Rhst 8%, &%léaﬁ'@t has
four |nsulated conductors 406 extendlng along a I'ength of the cable 402.

The Tabl &04pof m@rlnblermefcbecln eortdalv@r aell Pinshed potignge § Ut ofstbe §ird @ad sq@an‘éd apart
from each he Cr f the ¢ xt.endin
length of*" tkﬂ E‘PS 8@@1»111%@ pifcf cd rRiony gﬂe%“ g%"n ﬁ%stoof%%C d&?@ Sgnged

ef fecti VS(MbI n a quad cabl e arrangenent, 15whereby insul ated conductors 306
may or may not tw st arqund each other as insul ated conductors 106f extend

al ong a | engt hlhsrshichding HmeSfHhare disposed apgindrgrpyyl qoadrcteis 12 gAn apsiopsl,
furth f. | luralit
of  spacedtian iRl ShELH8tFof ShEl R AGRIBS IR ANGL Hiignd B} 3111

t het®of , mrti@sddd o@ﬁmha:lldhyg fima568 tmgelaeh pthana. th©pinchetadekipns S2&os hotdl ded

20el ectrical cabl es i ncl of . ro d Qn uctors 112 spaced
apart fro‘h‘fesé’ﬁaacé%toé ‘Pifgseb%(ﬁ‘g\’ é&"@ &Halfiﬁ‘ie]?caiﬁlﬁ ]L;@csto? %’ S3t he jnsul at ed
conduct orgnf¥indi3g o@%"ﬂc‘r‘aﬁtc%le%?rtaﬁ en{e'ﬂtssg &&Rﬂf étggbﬂ)'aﬂﬁ%tvﬁ&%a@gm ctor
sets and ground conductors can be arra generally 1 n a single plane.

Fig. 2¢g |drﬂaug¢matté@)ndncter<m1r]50ﬁb)wndnmthmefme bt refumfbdi@ ashihgbdddaldeect ri cal

cabl e. 25Referréﬁg to Fig. 2g, shielded electrical cable 502 includes a
plural ity ed apart conductor sets 504a, 504b arranged generally in

pl ape. Shiel defd & Beibtdt6Ptw oAl € d2& thidH tNREs 2 RehiEes BRI cighRpuUNd
conductors 112 %lsposed bet ween conductor sets 504a, 504b and at both sides

or edges bohrksH. dBeadscanadated eendugibt @ambground conductors 12 cami egrraagel second

shielding fil 508 are.dis ite,si de of t.he cabl 30504 and
ore i akehb TP ivp SpBlehihe 0o AR-APIIEbEEA B fliech M ARR GRS, Jos

cover redicQnbe Sindhltansbupbtfippigd of elicRiNg: BIAG 8 4ml hhgated veiducRB Onsdp2dsof the
cabl e, ch\e/r%gmgt?ornt I1 g n‘?he simultaneous terminating of the stripped ends of insulated conductors
20 6 and ground conductors 12, which allows a more automated cable assembly process. . In
Fig. 3, the stripped ends of insulated conductors 6 and ground conductors 12 are
terminated to contact elements 16 on printed circuit board 14. The stripped ends of
insulated conductors and ground conductors may be terminated to any suitable individual
contact elements of any suitable termination point, such as, e.g., electrical contacts of an
25 electrical connector.
Figs. 4a-4d illustrate an exemplary termination process of shielded electrical cable
302 to a printed circuit board or other termination component 314. This termination
process can be a mass-termination process and includes the steps of stripping (illustrated
in Figs. 4a-4b), aligning (illustrated in Fig. 4c), and terminating (illustrated in Fig. 4d).
30 When forming shielded electrical cable 302, which may in general take the form of any of

the cables shown and/or described herein, the arrangement of conductor sets 304, insulated
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WD 2012/ 030367PCT/ US2010/ 060640 517 of the first and second shielding filns
508 in transverse cross section substantially surround each conductor set
504a, 506W0 2pro3e3canpl e, the cover portions of the firsPCan$26100608d0
shielding filnms in conbination substantially surround each conductor set by
enconpassing at least 70 % or at |east 75% or at |least 80% or at |east
85% or at |east 590% of a periphery of each conductor set. Pinched portions
519 of the first and second shielding filnms 508 formthe pinched regions

518 on tvw,ghd&s 306, a‘?ﬁ?@oﬁﬂ%ﬂ&ﬁ&&s%@ﬁ o?%@lde@%ptric;ih:%bf%?ﬂglngdy‘& films 508
d gr 2. An op I hesi ve

are di sposed aroun und conductors 112. An optional a ayer 510
i s di sposedclhettatlanarsiigeiditrg contacsel @GO 1tamth dopudiged biecypi rreind 3141 Ggackt | ons

ot si aoef Bl AT Catsbiiion 865 retite R Broare PRI Dabr e 502

incIudes(gbgqmgmﬂﬁh%Qﬂgﬁﬁmﬁga&h@hmgagle arrangenments (conductor sets 504a)
and a tw naxial cable arraggenent (conductor set 504b) and nmay therefore be

refefred to adnghhsien illgsicaipd o Ber 4t gerehportion BP8a ofshidlding fiims 388 tswo
shi el ded rerlnce)cé({i 2 su%tagfeensletﬁo renran:hgatee { % aa gri nteelga ¢l Ect%i t'nb%?iad r14'
Because insdl at €d conductors a 5?0&15:0 naget'ors can’ e arFSnged

gener al | wtiippidg. STHightep Rkgizes ars&idepditech f iacdlatc abnmwresoéa@r%romi | suited
for nass-stripping i.e., the simultaneous stripping of shielding filns 8
and i nsul@nderteis decinopns Bpecirpaseiannieg of satnosion 308a of shigkling flms 3%eous

; nat i . : : q
conduct ors g3 o1 Bftafie hRERAmERS Bl ML LN T SR HaBE LU |
Fi g10 3, tiheil&tion qipe] @cteondictorsddbaRethovaorpdhitding fitmade8 ffomlndilatasdhduct or s

12 are term,natedq to contact .el ements 16 on printed circuit board 14. The
stri pped C@H@%ﬂtﬁﬁgpﬁéﬂ?‘ﬁ% @f@t%ﬂlaa%%wgleama&h@m % Shise Ca?%nsr?aa

term nat %o&i&es?iﬂé{ep%ﬁh&ﬁ%cﬁ‘vehf&ﬂﬂéd@tﬂ%%lepo‘éé’d‘&ﬁf:ﬁorﬁ&?sr@@ﬁsﬁlaﬁéd AMuSBisizve! €

term nation point, such as, e. ctrical contacts of an 25electri cal
connect orand ground cBndrsctord 312.d1ni the yepnluserated ieXenpgb amyendgrontioralléarvfphocess of

K A RN LR TR S R N
massgs t er fEiuBl?ﬁsi, Q1Y FhQRESiISa ARG PiNESULRS sttrfjbﬁing( amss 9ép SposRpinad poktldasdtr at ed
in Figs. 4a-4b), aligning (illustrated in Fig. 4c), and term nating
(i 11 ust r abeaodckr gf inselptcd Soudustors 30tvi nghe el listiatet ecFie falshiskistle 302,
whi ch nayeleic?ri&? 0s1é &02 %l%?lgﬁeh(fa WI‘[R %%Pné%ﬁ R0t %ard 314 such that the end portions of

the conductors of insulated conductors 306 and the end portions of ground conductors 312

of shielded electrical cable 302 are aligned with contact elements 316 on printed circuit

20 board 314. In the step illustrated in Fig. 3d, the end portions of the conductors of insulated
conductors 306 and the end portions of ground conductors 312 of shielded electrical cable
302 are terminated to contact elements 316 on printed circuit board 314. Examples of
suitable termination methods that may be used include soldering, welding, crimping,
mechanical clamping, and adhesively bonding, to name a few.

25 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 in
some respects to shielded electrical cable 2 illustrated in Fig. 1. In addition, shielded
electrical cable 602 includes a one or more longitudinal slits or splits 18 disposed between
conductor sets 4. The splits 18 separate individual conductor sets at least along a portion

30 of the length of shielded electrical cable 602, thereby increasing at least the lateral
flexibility of the cable 602. This may allow, for example, the shiclded electrical cable 602
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t he cabl es shown and/or descri bed herein, the arrangenent of conductor sets
304, insulated WO 2012/ 030367PCT/ US2010/ 060640 conductors 306, and ground
conduct orw02042/036363hi el ded el ectrical cable 302 may be maTaisedonaescthe
arrangenment of contact elenents 316 on printed circuit board 314, which
woul d elimnate any significant mani pul ation of the end portions of
shi el ded el ectrical cable 302 during alignnment or termnation. 5In the step
illustrated in Fig. 4a, an end portion 308a of shielding films 308 is
removed. (K pRLd FEodTRY ARG KK iBRakSGEr jaBEN IStheibodiERTABIiGAlS
stripping or laser stripping. This step exposes an end portion of insulated
conduct ormsay3&placd syrioan separdigdtdivsiugdlis multiplerendspectts dmsreind ppi ng of
end portion, 308a.qf. shieldi films 308 js possible because, the orm an
"t eor al |§PAGadELES Paguih dfaver 8 oL iF P SRS hop eroton AU oL of

i nsul at edpGANGUARLPESI i3t inRATA IS Mgt i dddBecBR81 E4uddongl at ed

conductors 306 allows protection against electrical shorting at these

| ocal i onsnaininaths spgsingoichesdidiereystsribanst eramviegpmductors 12Ha ableptioad cahd
portions of. .insul.at.e onductor s, 3 and.ground conductors 312. .1n the step
P11 Ust r aoR e Shiehsd SRR DI R RS s RO Rl B AP s i at e
conduct orthe §ffis 18 magmovedendifio Giiél drabtiecnigiondshsrayf e chisied SplisI8eiayas,

e.g., mechanical stripping or |laser stripping. This step exposes an end

portion dPreefkineBisdisdictnctiaal padupQR eineohUEEdE snedisl, such ashegstasy
| Tustr atc%ﬂidgbr%%ﬁchiﬁg gﬁﬁ&ldeéf%??rhg%@?ihﬁﬁ&%itﬁ ?o‘?l'lgﬁu&% #ﬁtsal)fhgpﬁl atffet

printed circuit “boar such e end portions of the conductors of
i nsub at edshepnRdiiopatisgs30sy Banfbrinbé irethd dpotdsedelsctatalgnblered2 cxuoblagteqr.,s 312 of

shi el ded el ectrical cable 302 are aljgned w cant el enents 316 on
printed clATuf8- SoBEEAY B19st iy el é?%bﬂmﬁfgwﬁﬂ%g& n Fig. 3d, the end
portions of the, GOMAUELA! sotfer bRSHbIALAGERRAME P ShRRRJ_NLIdRCBd porti ons

of ground condu%iors 312 of shielded electrical cable 302 are term nated to
cont act elcesrdmiggo 34 6speat @i the peedert iimention. tidaal ded3d &ctriéat antdt €82 ofsimlarttabl e

term natign t hods th .be used i.nc ol.der i di n i npi ng,
rechan; cAPRAABIEE St B LBRGRS e ool R4l i gblg ™ "
i1 ustratme, snodtehd exeetsaf ¥ reihedibyenb edurd dhihsied2 edigelded si@ttrieab! e
according to an aspect of the present invention. Shielded electrical cable

602 is siwbleai02iinclednydongingmet splitol Sandel ebblé|18separetas indamdual ponduciest r at ed
in Fig. 1., 1n.addjtion ield l,ectrigal, .cabl el ude one or
ore PongeickiRi bo@Py of Mot oPYESHd S8uabA Rafind8E DOMHIRE ReBTe & The

splits 18nsepdipatttons Mofdhiiiédd deunticit table 362 . Spdit 18°6Rpirark dtvidugior ti on 300f
the length of shielded electrical cable 602, thereby increasing at |east

the | at er@ndyqtendetsi4 2leye the lengh elpiddghdectrrenl sabla J0Rpndexterdsinieeafipl e, the
shi g ded ,JLGHA 6AhiGHA 88021 1E 982/ IR0R BAEGHT R AEhASEA e ctrical
cable 702 into two individual 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
25 to aspects of the present invention, whereby multiple shielded electrical cables may be
formed simultancously.

The shielding films used in the disclosed shielded cables can have a variety of
configurations and can be made in a variety of ways. Figs. 7a-7d illustrate four exemplary
embodiments of a shielded electrical cable according to aspects of the present invention.

30 Figs. 7a-7d illustrate various examples of constructions of the shiclding films of the

shielded electrical cables. In one aspect, at least one of the shielding films may include a
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to be placed nore easily into a curvilinear outer jacket. In other

enbodi nents, splits 18 may be placed such as to separate individual or

mul ti pl e worrdiea3ess7set s 4 and ground conductors 12. To mairusaino/o64se0 spaci ng
of conductor sets 4 and ground conductors 12, splits 18 nay be

di sconti nuous along the length of shielded electrical cable 602. To

5mai ntai n the spaci ng of conductor sets 4 and ground conductors 12 in at

| east one end portion A of shielded electrical cable 602 so as to nmaintain

mMass- t er oRatdQR |SRPAR] Ah§ﬁcoﬁdaal§@§dlg%e&§1 / TRLCoRAEARG 14y3f haQBIGe POLD

end portions A of the cab orned In shi'el ded el ectri cal
cabl e 60 anysum@laogndsum‘tmhtenaﬁemhdm§bm Ino‘a]srmted ®. Gopbers gitvecu trinimgmor

unchi ng. st ea or conbi nation w i tudi nal lits t her
Pt bl o epb g alosrngheh e R hibathe hbiharh v T Oansdlemitistle n
cabl e 6020/ EH&t @8terifl, fhclud lﬁﬁnoﬁluﬁlted {d'«bdlj?h%fe@aiﬁﬁ itidd, 8Bhmidieinkiaé,er al
flexibility of the cable 60Z. . |IIustrates anot her exenpl ary

enmbodi memoly¢trafluoreathydens, ecblefpltomiybat, p@zla)tﬂﬂé/l@wcmlmphvgyte@e awlfidemetyctiyienche
present i YRR qa{)e gﬁlggérﬁ? {cgﬁé |r r?%a atcfly%ne E{;(}pézcetne 2 dR n@rlllb%r to shiel ded

el ectri cal*’cab rvety, I shi el ded

el ectri cqiolyaﬁahalelécﬁg&tesoﬂﬁc@fes aRnglGubber S@losied, dngl smb@@ﬁmbayadhmv@r ound
conductors 12. Shielded electrical cable 702 includes Iongltudlnal splits

18 and 18the @ﬁtqmdq@@@sbmsﬁr@éammw igglude enpyurers pddisyes apdgrdilsrsatopor t i on
f the | 2 t d
gortigns%ﬁ?%p gﬁleﬁg %ﬂﬁﬁeg%??%é <ﬁﬁ%@b§gu8,hfﬁﬁm%§§ egg%?géggﬂgngpv?dﬁgl

contluct orths gtisldéhgdilon gnetyr‘leclhémg1dm1oat1@‘adabsiezdla@érahspdsecabetwahi te702 and
extends int ions Ao shlelded electrjc whi ch
i ldf%fe d

8 end 20po
ef fecti velo) %%uvpé%yeg ARckihg @gnspriuctive BPIYERHE dayeh 3 of Yibguap
shi el ded ghggdik¢ er 8@ bR oA Q%on-cHddu ctlvgh%}%lrgir'ﬂgit Btﬂ&%@h&%&&ﬁﬂ&d

conductors 12 provi n uni nterrupted pl ane 1 n each
i ndi vi duadxtsior elrdhed tﬁt @mlr:cvtnaallymbtiecslvE@ad an pppYsite Tiwjor exkeEiop Ismrfe;peelnﬁ:oodi ment

illustrates .t .advant a of t r e35| abi | f

Shi o1 ded ISRUBpTiAnY ok ouC HE s fln R aEr e SRl P ehetidied ont i on.
whereby radbkiiRkscsdideirdest #lcattibhsal de@@&i &5 som¥ ch&sf F BRnsik e t aneousl y.
The shielding films used in the disclosed shielded cabl es can have a

vari ety condegiive guifaacironsfagnthesandustorrpaief iinsubatedawires andafroypshsiresspgdin 7a- 7d

|IIustrate f our exen Iar enbodi nt s %we%lshlelded Se[ctrlcal qple

accor di ng 8 Cgsseﬁec %o CtherSélg g?ﬁ ma?llvent I%Sl'e] CO]?BEHGH Casfa quf Ug‘{ rate

various exingihgsims areensd sniepiodnssiats ke sdvile ek f\@m‘mhwb‘e otficritéesushitiedt ded
el ectrical cables. In one aspect, at |east one of the shielding filns may
i ncl ude dhsADrooio3RBRYPErPIRED Pt1co subersh face the conductor sets and ground

20 wires, or they may be oriented such that their non- conductive surfaces face each other and
cach face the conductor sets and ground wires, or they may be oriented such that the
conductive surface of one shielding film faces the conductor sets and ground wires, while
the non-conductive surface of the other shielding film faces conductor sets and ground
wires from the other side of the cable.

25 In some cases, at least one of the shielding films may include a stand-alone
conductive film, such as a compliant or flexible metal foil. The construction of the
shielding films may be selected based on a number of design parameters suitable for the
intended application, such as, e.g., flexibility, electrical performance, and configuration of
the shielded electrical cable (such as, ¢.g., presence and location of ground conductors). In

30 some cases, the shielding films have an integrally formed construction. In some cases, the

shielding films may have a thickness in the range of 0.01 mm to 0.05 mm. The shielding
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conductive layer and a non-conductive polyneric |layer. The conductive |ayer

may i nclude any suitable conductive material, including but not limted to
copper, swbwerz/o3adeam num gol d, and all oys thereof The mOmAISEMOG6IsHY e
pol yneric |layer may include any suitable polynmeric material, including but

not limted to polyester, polyimde, polyamde-imnmde,

5pol yt et raf | uor oet hyl ene, pol ypropyl ene, pol yet hyl ene, pol yphenyl ene

sul fide, polyethylene naphthal ate, polycarbonate, silicone rubber, ethylene
Pr 0PY! eneiigceRErIADBSid AU YRRy, AR HkALES G%he GGdUE@E T ubber
epoxi es, : sylrrlt E\%ﬁ%cl reu ber adhesi ve. T%rg %yﬁfgﬁ%ve epoI yneric |ayer
may i ncl usds onkallow fmaencaddutbmcfsl aaddéwer dost dab]resmamlfqmtmmgjmop@ssdertl es

suitable fqr.th tion. her aspec | east one of
10t he s oo e BTG D o s ERR BmBeR el Pafiied: aposed

bet ween tden&AGHAALOMS dsayighalalsk-bhe, WREEPRIGH GldnYEatRALMBRIdceurs Ay £T - For
shielding films that have a conductive | ayer "di sposed on a non-conductive
| ayel, orparticadardtcneensysengealbisphenarednon tepieadhi aseursim terventionsl shislded
electrlcall ctive and 0 lte,major  ext i or ce that is
substantldr¥la£ gﬂ%ﬁﬁgﬁ%ﬁfon Pﬁggnﬁ ﬁ%e?a¥W? aCO(hwy é%fporated into
the shiel ded Iﬁgmh@alcfbsg%bﬁbﬁél Vil faﬁbmt wilth 8N4 ﬁilbl@@@elasmda?dabl%ckﬂﬂ n sone
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may be sel ected based on a nunber of desi parameters suita Ie for t he

i nt ended eaptpwrtsiat:ﬁooﬁet Sinshediportieng809 ¢ﬂté?(beﬁﬂdiltgﬁlﬂélséﬁtfqbﬁrmmnclp@rlﬁshonﬁnce
and confltﬂ% |eocr%1,bp68 ho%esah eI de h%lce% rlé:raslet&ﬁpl e (such as, e.g., presence
and | ocat®or’ ground con ors$ Ph Soffe cases, the shi el di ng filns
have an int egrsailélalngcfnﬂie808m§rt1ﬁ¢1@dd @monhlradaeme R§se8104,/820B st bohdthef i | M5
may have a thickness in the range 1 mmto 0.05 nm The shielding WO
2012/ 0303678bct PEsPD1 8P 8LBachie| qg%ﬁla@s&qséa egchorther i dhg washediregions$i8fdi ng,

d,
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ower cost ¢ uring process N additi on, c?he
shi el di ndafdrs &ﬂslpaml\mmsiimmgﬁtsmb i$ disposdd en tanothersefithsinen- ocﬁndubms:abl e, a
hi gh si gnal attenuatl on

phenonmenon kno syck-out", ere
occurs atPONBHL y%ﬁﬁf?bg gye raé(ﬁléé‘\qh @%%@n%%w L Brsari 1Y Rccur s

in Conve%b&%!gloﬁfs'l%@ﬁfé c%bl%csm' ¢ re SRR 1RSaMIGH € 15 S BIIR B T0hEn S G 1S
wr apped around a conductor set

fully or partially across the width of the cover portions 807 of the shielding film 808,
25 bonding the cover portions 807 of the shielding films 808 to the insulated conductors 806.
In this example, insulated conductors 806 and shiclding films 808 are arranged
generally in a single plane and effectively in a twinaxial configuration which may be used
in a single ended circuit arrangement or a differential pair circuit arrangement. Shielding
films 808 include a conductive layer 808a and a non-conductive polymeric layer 808b.

30 Non-conductive polymeric layer 808b faces insulated conductors 806. Conductive layer
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Fig. 7a is a cross sectional view across a wdth of a shielded electrical
cabl e 802 that shows a single conductor set 804. Conductor set 804 incl udes
two i nsulwbedixemsact ors 806 t hat extend al ong a | engt hpofi/ush@onaishe 802.
Cabl e 802 may include 10multiple conductor sets 804 spaced apart from each
ot her across the width of the cable 802. Two shielding filns 808 are

di sposed on opposite sides of the cable 802. In transverse cross section,
cover portions 807 of the shielding filnms 808, in conbination,

subst ant i8%'85Yna%rucferdr%g?gtehibﬁt&&ﬂld&ﬁhﬁétis%ﬁ}olﬁﬁ&ié 1?%&%85%% a ?%i%leﬁ“ of the

cabl e 802. For "exa e cover portions of e first and secon

shi el di ngnéthddrs i n conbi nation 15 substantially surround each conductor set
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cabl e 80ZheRs 83mBISdBu@br $ch 904 0OSMRIR s8810480dudes two insaltit&@l &ndg@ctbis! ms 808
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por t§ ons WoIhasfexichd alomigel lengily of thicpsble @82+ Gakla 982 mrayenclide mbkiphd nched
regi ons 818.0of 20 cabl e 80 Adhesi ve |l ayer 810a d.s di d .on one of
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80810 0 t hevemspioas 81k ciihdugtlop82.8Piched portiorsr0Ohif sheeshixriging filinn 908 &tred

conductors 806 and shiel ding. fi 808 are arranged gene ly in a single
pl ane andR4NeE£egions ) 8iq) the WJ#A&F%W’&WFQSF%QO%UWS@B& y be used in a

singl e ended i I - Qr O dae 1 i i ki
g?lli{&e(?”dtli;l()l% ﬂ?%g qglg%sl\% laferSlo{daS f6Y béHd tﬁéb{ncﬁéd ﬁdé{olgns 909 of

arrangenent . ng fi i ncl ude a conductive | ayer a and a
non- condub¢ shieldpgl f1ime 908 td eachrotidd dipthc3iiNdad cepnahs X1Bwe hodi siderofcohdytor 808b

faces ins co ctors 8 cti I r  \VD. )
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. used m a} Single ea edt cIrcult arran nt ¢r & ditferentia pa%lr Circult arﬁn%?rﬂen .
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Fig. 7c is a cross sectional view across a width of a shielded electrical cable 1002
showing a single conductor set 1004. Conductor set 1004 includes two insulated
conductors 1006 that extend along a length of the cable 1002. Cable 1002 may include
multiple conductor sets 1004 spaced apart from each other along a width of the cable 1002

25 and extending along a length of the cable 1002. Two shielding films 1008 are disposed on
opposite sides of the cable 1002 and include cover portions 1007. In transverse cross
section, the cover portions 1007, in combination, substantially surround the conductor set
1004 in a cover region 1014 of the cable 1002. Pinched portions 1009 of the shielding
films 1008 form pinched regions 1018 of the cable 1002 on cach side of the conductor set

30 1004.
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10cover regions 914 of the cable 902. Pinched portions 909 of the shielding
films 908 form pinched regions 918 of the cable 902 on each side of the
conduct orween12934367 One or nore optional adhesive Payarsg019/06@40 910b
bond the pinched portions 909 of the shielding filnms 908 to each other in

t he pinched regions 918 on both sides of conductor set 904. The adhesive

| ayers 910a, 910b nay extend fully or partially across the wdth of 15the
cover portions 907 of the shielding film908. I|nsulated conductors 906 are

arr anged ge”ers%élé{m Filfhs ibﬁ@ln‘%lﬁ%%ﬁ@o@&@r&ﬁe{}tﬁ%l‘ ARLYvd LS G0i0Y, Taxeml cable

configuration and n be used In a sin circuit arrangénent or a
differ entthalbopdlthe pmcrlredlp'ortmms a0k oktht shlshil@ ﬁllmsglﬂlﬂs Itqrsa@ﬂﬁhermmlhmdemdes

conducti v 908 nd_.a no onduct ric.laye nducti ve
ayer 908 PAbELrHe (e R CorarodS. BRI ety LydgoBualay Sobe
deposi t e%&y‘é)@erﬁpﬁﬂg QR FMEihIY ScrBQ HERALR of B IovaGRRLi SIS 1097 3R Mlessﬂietlcﬁﬁé e

nmet hod. C 1S a cross sectional view across a w dth of

shi ef ded fdmet108; @aulettqbcmdwo@ 96wy ranged ggleealkyon@wmgbﬁr plene a@04

Conduct or_cset 1004 | ncl u nsul.at gd. conduct or s 100 t hat .extend al ong
2 engt b RSt Bl PRHEE R R OGS il SRR G A PR OB or aets

1004 spacefinagaéit ofr b diff@aatul piibeircidd afggamentdShickling mlmsclallos éncl@fdza 25and
ext endi ng along a length of the cable 1002. Two shielding filns 1008 are

di sposed sndopenssiondudivgddmof t he cabl e 1002 and i ncl ude cover portions
1007. In tr ansé{grﬁﬁs o &P(fsg s@c‘?%h%lc{@?w bpg sl‘ﬁgl?g% ﬁf%?trrfchloéﬁﬁlelﬂ% thdt @h&%ﬁ' nation,

substantially sdrroun e conductor set I'n a cover region 4 of the
cabl® 10G&glPeomcloedr pont04rGonldasr aft 110kinshides tingsilatedwoidid®hrf 106 pi nched

regi ons 10, e cable 1002 on e of the conductor set 301004. WO
2012/ ososfsl%fp@q*mfsge%ﬁ th &ibié @Hﬂ rf‘gllfﬂi%rﬂ%we@g iRlei EOUESr nor e
optional @adhqgiy c'e?ﬁ@ir?fré&@@h oﬂa@#&l@n%Q%dt%@qletc%lephmQﬁ&' %ﬁ&hgns 1009

of the shieldin to each er on si des of conductor set
1004 in tdhengy lsogbaf rtlﬁguab]@sl 1001 8'woThecldidh dismy &108yre dspe@tiQa, oppOiGisiduay

extend fully o ross the w f the cover portiaons 1007 o
Che. ahi ot i iR S atcl AL S it e B chiBeReLRbs SRt inBRcd@her ol 1 y
in 8 si Nnglotidtsane7; élﬁ‘éoﬁibfrﬁﬁbﬁ W%Bbtartiallg shdbilRMdoAlu kel 1 Fohi aidi et de@font hat
can be used in a single end ded circuit arrangenent or_a differential pair

circuit drlddefthemable 1302 ePuiched portions MM fithcthigléing fidma ht0&fooneindinduct i ve
film Fi ngglEﬁ'SlmsaOf%ﬁeo ga%lesfﬁ)tzlo%ne%lc sT%‘évﬁﬁleégn%pét el’l s%te Pl(ﬁl ectrical cable 1102

t hat sho ngle” conductor sé or set 1104 includes two

i nsul at ed COﬂCBlﬁél@ﬁlg ﬁlﬂq@Gws tnldhﬁéfoﬁéldr AN gptidnhlediftdivofayéoa 1 t@iaebdnki02.
Cabl e 1102 may i nclude mul tiple conductor sets 1104 spaced apart from each

ot her al dh@pl@cwdonq*iﬂ%tfs kIR of Hhel shicldipe ﬁ&ﬁ%ﬂk@&‘@ﬁa%@thaﬂ igribe amplaf‘ﬁgfﬁﬁoafr t he
Cabﬁr@ 1181%11 &%ddf%gn&dckd}%etlﬁ%. ﬁﬁ Sglhés 901 6PR6 501 ﬁ‘laz' Of the
cable 11 |nc . n t

e cover portions ansverse cros SEC i on,
t he coverfully or partially across the width of the cover portions 1107 of the shielding film 1108.

Insulated conductors 1106 are arranged generally in a single plane and effectively

in a twinaxial cable configuration. The twinaxial cable configuration can be used in a
single ended circuit arrangement or a differential circuit arrangement. Shielding films

25 1108 include a conductive layer 1108a, a non-conductive polymeric layer 1108b, and a
laminating adhesive layer 1108c disposed between conductive layer 1108a and non-
conductive polymeric layer 1108b, thereby laminating conductive layer 1108a to non-
conductive polymeric layer 1108b. Conductive layer 1108a faces insulated conductors
1106.

30 As discussed elsewhere herein, adhesive material may be used in the cable

construction to bond one or two shielding films to one, some, or all of the conductor sets at
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15portions 1107, in conbination, substantially surround conductor set 1104
in a cover region 1114 of the cable 1102. Pinched portions 1109 of the

shi el di ngwDi2b1e#303608 f or m pi nched regi ons 1118 of the cabiraS2m026ano each
side of the conductor set 1104. Shielding filnms 1108 include one or
nore optional adhesive |layers 1110 that bond the pinched portions 1109 of
the shielding filns 1108 to each other in the pinched regions 201118 on
bot h sides of conductor set 1104. The adhesive | ayer 1010a, 1010b may
extend f Lfcl L 1‘3%109?& fng chﬂMe ahdr %dﬁé%ﬁfe%éjt&hal%a HEusEQYEhoRIAWol BFdiAd 07 Of

t he shi el |ng I nsul at ed conductors 1106 are arranged

gener al | \filins tageshangt mnplheairreglamtloﬁhf: edile.vallyydrof adtesivieaxdterial ozyl be

fi The .t I t d I
Cndea ol AiRrd gt St B s BRIy SRl SR i gt 3 as it Ref PRl u ng
filns 25%%851’[&%65%%& &Bf&dh'%yw@f ddB¥8Vc thiR8al ma B@stﬁ@é%@‘éﬁtﬂoﬁﬁsmﬁhﬂlgﬁ“ c
| ayer 110 and a Ianlnatlng adhesi ve | ayer 1108c di sposed between

conduct i \felmSagiletheiat@@&a@ﬁdhﬁ odlcsivdweed ereopoihyaiding dilindy preferaldgithe saher eby

| am nati ng conducti | nonconducti ve, er 1108b.
Conduct | v PRI besgs P Bl ik G SR U L SR S g, A o

el sewher Egﬂ?@ll’a&!héswéili eindRide ah @lectFRYIIP trsUREde hdhebive, Mdlth® pronRitayct i on
to bond one or two shielding filns to one, sone, or all of the conductor

sets at IWIZOEIODd0SBTPCIVUSTOIOITT0B4 6 uEBYEIOT . dgivasadbpsivhayeBe, and/ or
adhesi ve Jraligl bR nfsﬂﬁﬁvé’ﬁoﬂgft?eqwi&ﬂ 2904: § fgﬁfeﬁil%fiﬂni dddR s Aget her at
or t O a

pi nched regions e ca ayer esl material nmay be di sposed
on 0 | eashdwnersshibed,domg, dridllgf tlamcbnidnctoam amdhbetevetmet 1sdit ehdofghidldings ar e

used on opposite sides of t cabl e dhesi ve terlal may be
di sposed fﬁﬁw&éﬁngﬁp@ﬁdw&%th? ghpynd P?P‘{"ﬁ (éf@éf @eﬂv Wet Eifbsi ve used
on one S*Hdﬁés@bé"l%%zi Ihép fnauee &h %fe@tl? Ni$ gtﬁnedﬁo L e?%pé‘tanﬁr% fp@?a&éar ed be

different from hesi ve used on i el ding m A given
adhesi ve doaghmtivmyndl hct’wwdtetvansleéléungrﬁlmal Fyrtherswra tigrenadhesve/keyeranay may

provide an i. sula bet ween . two shie nms.. Further nor

O ven adBeridet A Botnr BT HE dacor ek Gl Al R R Sole. PEUEP one. of
shi ef di ngh¢ Lloied a&mulcfaﬁydlﬁérng S0RME AL Sy OfdhedI Gos iBOTEs caHdudiive Of the
conductor sets, and between at | east one of shielding fil s and one, sone,

or all ofpartltﬁéesqocpmmdfcﬂincﬂ@@wfreéec(fmal awiyont. Ahe eensluciivapayticlas gﬂn\)@rﬂna@ﬁesi ve

| ayer may, Iud electr caII nduct i ve heS|ve and rOV|de a
the Bfg 1cles c%rren use uc asfspl'lleres ﬂ% ods ¢ubes, arno
conducti ve FWeen ure h ernore, ven Adhesi ve

| ayer maytidr@udititec shapen dlu&yln\/aej Bmd@dd l@esmamuamy $RRISFarties sﬁ‘ch shegbshi ng fil ns
and one, bsigcrlzecar‘tc))cr)n fibers Omckel spheres, nickel coated copper spheres, metal-coated oxides,

20 metal-coated polymer fibers, or other similar conductive particles. These conductive
particles can be made from electrically insulating materials that are plated or coated with a
conductive material such as silver, aluminum, nickel, or indium tin-oxide. The metal-
coated insulating material can be substantially hollow particles such as hollow glass
spheres, or may comprise solid materials such as glass beads or metal oxides. The

25 conductive particles may be on the order of several tens of microns to nanometer sized
materials such as carbon nanotubes. Suitable conductive adhesives may also include a
conductive polymeric matrix.

When used in a given cable construction, an adhesive layer is preferably
substantially conformable in shape relative to other elements of the cable, and

30 conformable with regard to bending motions of the cable. In some cases, a given adhesive

layer may be substantially continuous, ¢.g., extending along substantially the entire length
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15t he ground conductors (if any). Suitable conductive adhesives include
conductive particles to provide the flow of electrical current. The
conduct i weoparza3eises can be any of the types of particl @esTaseoensl6w0 used,
such as spheres, flakes, rods, cubes, anorphous, or other particle shapes.
They may be solid or substantially solid particles such as carbon bl ack,
carbon fibers, nickel spheres, nickel coated copper spheres, netal -coated
oxi des, 20netal -coated polyner fibers, or other simlar conductive

parti ci esandmﬁﬁl%f%%%hﬁﬁﬁs&ﬁ{c% bEh gﬁfeﬁ WicREn JTREAE i BMa&! e Gahdskve
insulating materials that are plated or coated wth a conductive nateri al
such as dayoreray iatlude bmmbstannékle,l dJisaantinwmaisu ot expngde,diee adbiesivenbtyat mep bt ed

| at | ¢ | t |1y hol] ticles. sych as hol |
ol ass sprtreat oy g onpRetSuiit e ar Vit oL BN L S TRt B s "or  pot al
oxi des. TheoRBnkRRaHdsivéea dm&ﬁa!yqble&(aﬁﬁﬂe beie atﬂmam‘ydﬁ'no@tuaﬁm&les&@ns of

m crons to nanoneter size terials such as carbon nanotubes. Suitable
condlct i \érifed tiless iaveedispragd, algs,d)eitwmdnuhepmch@mmwé tlmﬂlyﬂémgéilmpn ibgth

When used.in given b e co ruct 0 eferably
subst ant 1y e ERAETTS ORI ES P B Bl SRR LRUERm B RS b o,
and 30cor(iﬂa'n§r)abA§1Wntalahém sjteh@l ﬂa@ms& SgnomtE esas0bnd bka prakdues sdnmlsr@me
cases %jven adhesive | ayer may be substantially conti nuous

ext endi ngidarByRy aéﬂ@b@@ﬁﬁﬂh%ﬂ@yam@eﬂeﬁ}% pehesivenygidn cuggitle m&wweoen@dbﬁs;‘éqw maj or
surface %ye% "coﬁﬁgﬁeﬂg&gcfvide@bohg é)%f%%%n%ﬁl%ﬁﬁn & tﬁgﬂgg%b%@anklgﬁ may

i ncl ude be su dtantla ont’i nuo or exa esive 1ayer may
be pv esentroogdrythdnm B@meoemedm o or alooa stilaed| oen@idnormndmhmﬁneldﬁlga‘ﬂ@is ven
shielding film A di.scontinuous adhesive |ayer nmay for exa Ie |nclude a

ol ural i t Y67 TFBRG T ﬁégpr\?@ﬂeeéflﬁ?twsofr theadngiige &

bet ween ta!&@arﬁhé@&%ﬂm%@ﬁésﬁ%nﬁgﬁ ?shcbpa 19\%/@1% {) 141&& IR Be 1%%@1‘?? Of each

conductor set and between the |ng esid the ground ‘conduct ors
(i f any) stnmpgblﬁefmradtaessulalmmfensu&altemdbaomr In ptleudsscatanladhssivedagerof  a

pressure se |t| esive hot nelt dhesi set adhesive, and
P eor ab et BT Rty ool liednad e Bfies S SEOTR S e Tr e % Bond

bet yeen &hmehﬁhumed édnd@BctbN@td ths sBikIIS M sathatard Ak faBREBS cdullf ?s@o ONgh
bet ween one or nore insul ated conductor and the shielding fi his may

be achi exﬂé@lantegegof thlwdbqﬁprewnﬁgmetlelelséb@tutbmm@lﬁlatGﬁ@oe@mﬁ ¢ ahohored at i on. An
advant ageoe entHl lg%ﬁﬁl{sglﬁ%sc%engaur eél1 ok elec%%lca? cgbl 8%%1%{9 thid Q 'n%{rgét{]c% Lilms to

1
be readily's romt Re i nsu i onh of "I nsu con ors Pn ot her

cases, arbeat:j |ﬂﬁ§ aM@Vd RY ettlermmube nfoBbgling dhdrefops @A ES tie Hiantdobebeen
shieldinqﬂwllns and a bond between one or 15nore insul ated conductor and
I

the shie H@ng‘Pﬁtl@f%Shlﬁlétngéil@ss§ﬁ§@‘%lﬁbp%ﬂ styengths araybesthpgmasehomtgant age of
thi g adhqﬁfe}{&%ac%ﬁ} b&%at1+ Qb V@]steg'aat otnﬁogmlaﬂf%glldﬁ% Sk 18 t? a‘ftﬁat gacpor ed
t ng f e

bet ween en a s ectr a ca e having this
COﬂStrUCUhmhmwSOBEBSﬂMhBMQH@UBGMBlﬂﬂhxhﬂPﬁdﬁ%ﬂﬁﬁdﬁhﬂM&tmmmﬂﬁﬂwbk@mdME
therefore uces he I|k od of buckling of the shielding fil ns.
Suitable n??@@kﬁ?ﬂ?n e CWBken based on the 20 intended application.

In some cas es A @iveR 'afiﬁ’ésm%fer h¥Rm 8YekicPRYeshed HRehi B bnd@Sctfical
t hi ckness of | ess than about 3 mMmm |In exenplary enbodi nents, the

adhesi ve fealpenatvashaatctaristoyes ﬁle@hidlmldzdtmml edidat F@. (38mptn, the adhesive gi ven
per 7or b+ R rEr o B dh Gy e SRR TR 1F B beBr: SR anp .
t he adhesjeMewnhich increases at least the lateral flexibility of the shielded cable. This may allow
the shielded cable to be placed more easily into a curvilinear outer jacket. In some cases,
an adhesive layer may conform to be thicker in areas immediately adjacent the conductor
sets and substantially conform to the conductor sets. This may increase the mechanical
30 strength and enable forming a curvilinear shape of shielding films in these areas, which

may increase the durability of the shielded cable, for example, during flexing of the cable.
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25 layer may conformto be thinner between the shielding filns in areas

bet ween conductor sets, which increases at |least the lateral flexibility of
t he shi elweadora3shasr This may all ow t he shi el ded cabl e t eChaspdiavew4oor e
easily into a curvilinear outer jacket. In sone cases, an adhesive |ayer
may conformto be thicker in areas i medi ately adjacent the conductor sets
and substantially conformto the conductor sets. This may increase the
mechani cal 30strength and enable form ng a curvilinear shape of shielding
films in r i i; i el s ' ed
cabl o, 1o o R LE & P ISRSR oh U AR inhla el ol

2012/ 03036ARGT{0UB2 Sl10IdOBROHAB alongatielicnigthnof thdsiselded/cdbéd, pvhich may retsalit m t he

position and spacing of the insulated conducto relative to the shielding
Fiims al oRYCeROOTE Besanse fiubriasidel BAsrDy ol fe shelid Slku ¢ in nore

uni formi rrped%gﬁ«eﬁraahe%mqay& ma} @RRIrm tBleB@EiveYy B pdrhifll P& @ndaddegabl e. A

gi ven adhesive [layer may conformto effectively be partially or Conpletely
5r enbved roepyvebbrivben b skiclingfilins ingrdap betveas comtugion acte,orgluiotrorchsét s, e. g. ,
in pinched regions qf the_cable, .a.result. the shi.el ding, fi ma

el ctt 11 carFyTEanTaetsathe Sehty e AenubERtheme) SRrPRu Sy R b TR

el ectri C&hesl@%[réa@,l’\mﬁﬂﬁ‘ﬁlagfindrbz%e(ﬁi?dﬂéléctri&d] peHEn M35 6Sthe@nbladesdnvecdsayan may
conformto effectively be partially or conpletely renpved between at | east
one of t HehenylayerBa ¢auimuiariosEvly benartieBy auedreplstelyasmgved efveen gthe
ground 1%%?9!1‘&6&5@ sHYBM;f tﬁﬁ{srahﬁ.%é roﬁr?cp&ﬁﬁituct%fs. | S35 1es Eeché)%roﬁﬂd el ding
films in these areas, wWhite may i ncrease the el éctrical 'perfornmance of the
cabl@. Ewendudtos asgsladeradlyaontactat leyesncaff shidhisg fikeng ianbdsoardagtwideln at

| east one of shielding filps and a given ound conductor, asperities on

t he grourfa%’é‘ﬁ’fﬂ’ﬁ%?ttg?e yjic #%%@%%ﬁﬁhwgier HPT R AR REST VA eli%ﬁ@ﬁllﬁ &t abl i sh
direct el ol I, it : J - r i onal
s of B o Sl T i B 1y Bl ok a L P

i |1 ustrataspaxasphdlse ghunheonduatoementbraak tipooginthedbindwbesoveslayer to kealsshel ded
el ectrical. CPQIgs. Antg%pecH:%%ﬁa shi el ded el ectrical cable is proper

gr oundi nd St T RETEHCBMACTASAMERMS: gr oundi ng can be acconplished in a nunber

of ygys. In sqps 8a8%re @of s¢eiorl Ol o@ﬂﬁé@'@ieﬁg)l@r?@nﬁ)b@ﬁﬁdnitscﬁiaﬂ shig@at act
at least one of the shielding filnms such that 20grounding the given ground

conduct orcleptrses! grtdeinwdischiiHestrabd exagipieg of thawacegirahobgrgnadieehdoeiothuoties my
al so be referre 0_as "drain wire".. El tri.cal nt act between the
ohr ot o ol ool Baflos AnAlBecbf EtiplBhE SLiER cabRIL BioboGblifff: bF

rel ati veltiie biawdR6d s& gbandifg cf. I accBmplishea $h 8 hamber sffwdygska soh@rtadd, ohns,
or less than 2 ohns, or of substantiall ohnms. In sone cases, a given

ground cdRBRICEBFNHABEUFHSE Cag) f‘é%qtrriqaélalcwta%‘ag derskrite affiee dngldingifilgs sranigat put
may,be argr&ﬂﬁﬁﬁ’é Y %kveﬁl g?mtcohﬁluctt&eal&aﬁhﬁn&éQHé gl{ié{aﬁlig(}ﬂmts h&ich a ground
conductor may also be referred to as a “drain wire”. Electrical contact between the
shielding film and the ground conductor may be characterized by a relatively low DC
resistance, e.g., a DC resistance of less than 10 ohms, or less than 2 ohms, or of
substantially 0 ohms. In some cases, a given ground conductor does not electrically
25 contact the shielding films, but may be an individual element in the cable construction that
is independently terminated to any suitable individual contact element of any suitable
termination component, such as, ¢.g., a conductive path or other contact element on a
printed circuit board, paddle board, or other device. Such a ground conductor may also be
referred to as a “ground wire”. Fig. 8a illustrates an exemplary shiclded electrical cable in
30 which ground conductors are positioned external to the shielding films. Figs. 8b-8¢

illustrate embodiments in which the ground conductors are positioned between the
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i s independently termnated to any suitable individual contact el enent of
any suitable term nati on conponent, such as, e.g., a conductive path or

ot her conweacbi2li3essent on a printed circuit board, paddl eChasedo/ocre4®t her
device. Such a ground conductor nmay also be referred to as a "ground wire".

Fig. 8a illustrates an exenplary shielded electrical cable in 30which
ground conductors are positioned external to the shielding filns. Figs.
8b-8c illustrate enbodi nents in which the ground conductors are positioned

bet ween t ﬂ%l%ﬁ‘%?iﬂﬁé/aﬁé ?%P@Iél{x&%%%@&%ﬂ&oﬁiyt gl &Qnéﬂe'g?&md%ﬁd

i ncluded I n conduct o One or nore ground conductors may be pl aced
in any suhdylx piagcn:oisntansz) ﬂulmbieepqsaionteatmm te theshbldigg filchsybetweet vieen t he
shieldin f % 0 a co t|o o both. Referring to Fig. 8a, a shielded
el ectri cafie nglﬁﬁéﬁacﬂ 9“8 gl e conductor S5set 1204 that extends

along a | engt m&@mh@eo cabke als%@ezde@mltﬂ@atl @£b1§@ﬁﬂzl%gfhdbsﬂ@LlHQl%%ohéMbtérnsU| at ed

conductors 1206, i.e., one pair of insulated conductors. Cable 1202 nmay

i nclude rrat 12041 téat@émd& tlong s dengthiofthe sgde é@ﬂk;ﬁmduf:ﬁoo aetd304 insiudies teer oss a

wi dt h of th bl endi n an e 1202
ot ot eSS SBRE OEChe O Bl dn e & FhoBugprs; RE0ERIE Eg5uAEr o

cover porrilé nEEe cba@iictod RtstI28ASYRKEE @p 4t A6 HER biheNacrdftheidaoyfthe psylé bhs
1207, in conbi nati on, substantlaILéwsurround conductor set 1204. An

opt i onal eééﬁﬁémg\ﬁéonga@l@ngtmﬁ@q@bm 3s davopbichdiag finm EHMdipeased ems 1209 of
the shi e'og;begt o did c%bfé%fggﬁtfﬂéq Ja'vﬁ{al?drggnsfi "}BI&%QI%V%%%%PS&BHW on

both sid con ctor set nsu con uctors 1 are arranged
gened al | yth¢ oovar pomiphe 107 iecanitnafdne sibistaatiylly sursoundicodducedr setaltilmt An

configuration t n be ed.in a | e ended ci.rcuij arran nt or a
15di f f er SWEPRH %E?Sﬂve?@yw@ﬁ a%#l%%@w%ew@%mw ﬁ’? eérhe lslding 202
further ifgl4des afd Qd)ﬂéfs%hfewfn%filn%r ﬂg@%%&’dhdd{ﬁé&{nsooh%ae Lhii@a&deext er nal
to shielding fi : ctors 1212 are placed over, under, and

on both sll2@éslnaﬂatcd nderbictrs $206 42 @trangodtgenerally 1n a shilelptimd aed efftetivelbl incabl e

1202 |nclude%Pgrot ctiwg filnms, 1220 surr Uﬂdlgﬁ (%gldin. filns 1%08 and

ground cdhdEPSH £2415 £ PRAEN OF e W3 u TR ERFAS TS B BT HTEER | U | ayer

12295 anchlﬁaea@m?air\cﬁch@y@angﬂe&%ﬁb ShRndRGecRidl eMld Y02 RnBEr ikdd8e 4 0

shielding films 1208 and ground conductors 1212 Alternatlve“g Gshleldlng
0

filnms 1208uahty afresernd cooseiens d2 2 positonedyexisenad (o stocldedilpg 13 tamnd
conduct i ve, $hi &1 qy SHEN A% oeFunddd FAMUTH Y5l AALCATaAUE o7
i nsul ative |ackeét { not Pshowd) .
Optionally, shielded electrical cable 1202 includes protective films 1220 surrounding
shielding films 1208 and ground conductors 1212. Protective films 1220 include a
20 protective layer 1220a and an adhesive layer 1220b bonding protective layer 1220a to
shielding films 1208 and ground conductors 1212. Alternatively, shielding films 1208 and
ground conductors 1212 may be surrounded by an outer conductive shield, such as, e.g., a
conductive braid, and an outer insulative jacket (not shown).
Referring to Fig. 8b, shielded electrical cable 1302 includes a single conductor set
25 1304 that extends along a length of cable 1302. Conductor set 1304 includes two insulated
conductors 1306. Cable 1302 may include multiple conductor sets 1304 spaced apart from
cach other across a width of the cable 1302 and extending along the length of the cable
1302. Two shielding films 1308 are disposed on opposite sides of the cable 1302 and
include cover portions 1307. In transverse cross section, cover portions, in combination,

30 substantially surround conductor set 1304. An optional adhesive layer 1310 is disposed
between pinched portions 1309 of the shielding films 1308 and bonds shielding films 1308
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Referring to Fig. 8b, shielded electrical cable 1302 includes a single
conductor set 251304 that extends along a length of cable 1302. Conduct or
set 1304 wocbiredss3srwo i nsul at ed conductors 1306. Cabl e P8OAISAEY/060880 ude
mul ti pl e conductor sets 1304 spaced apart from each other across a w dth of
the cable 1302 and extending along the length of the cable 1302. Two
shielding filns 1308 are di sposed on opposite sides of the cable 1302 and

i ncl ude cover portions 1307. In transverse cross section, cover portions,

| n combi nglhafmdQsRth §AL & doKasusr QU Sh4 NG Vonkiod 196 «ArRELPNA
adhesive layer 1310 1 s disposed between pinched portions 1309 of the

shi el di nggeheralig il 80i8glampdansand sffsttivelydinrgtwindxmed ot 808 raDal pair cable

2012/ 030367PCT/ US2010/ 060640. t.0 her on bpth sides of conductor set
T304, | netTAERRTE o Erbf oo Pt geBEd af ilfise eyeRe F AR o ariiigi e ol ane
and ef f ecloh¥@dions 1912 pbsMiARY IRIwRh sBicldif BMthd FI0SPRIVD of 8R! Goddd ANABEBAL -
Shi el ded el ectrical cable 1302 further includes a plurality of ground

conduct orl$12310inplyded inneadudiert see&3D4s Ak ivad oithe graved tgodictorsdd¥arehe gr ound
CO”dUCt02§a5§312ﬁ?ﬁ§5é5§3 uggdtﬁgofonductor set 1304, and two of the ground
conduct or’8*T Tom conductor set 1304. Referring to Fig.

9%ar's spacgg apar

8c, shiel ded a&etihbeaFic8blshiclddd2ldcnidalicitse 8402 inghBeLOsAEl6 onduelr sd404
that extends along a | ength of cable 1402. Conductor set 1404 includes two
i nsul at ed 406 A exspds alamsa loogth of cablo 140y Copductpisctridldiimledes diweluct or set s

1304 : - i, (it 2 and
oxt endl ng alA g PRk BlMeeele TA0 L P8 P Bp e P S 000 ar e
di spdsed apartdpposichetisir dewsod widtk of tielcabl4@82 andlcitandinglelong tterlemph bf ons
1407. | tion, ti 1407, . | i nation,
A L RS A M R A SR
| s di sposg iRGLNERRCPHARDRCIAAT ih BIRLABRrAl sJdiBnShE Bl Briohl TR0 408 and

bonds 15shi el ding fi 08 to each other on both sides of conducdtor set
1404. | nswhdimdiooonutistentoally sid0endeadactonsadd04exreontidnyl adhesives laygl B0l ane

and effectively in a tw naxial .or diff nt.i.al,. pair e arrangenent.
Shi el ded oisRe YA bEMReh BT BBt Fle ot iR Rie 308 RS s ound
congiict orgpicldiAZ fiRAS 140820 4cheth¥wesbsth kb dbM@ntiidtoBscl 4464, Ifulat@f the ground
conductors 1412 are included in conductor set 1404. Two of the ground

conduct oroondectars 1466 arciagngest gacedsidue soel plagendeéfegtiven gealtvgamatlalrly in a
singl e pl . . HQas. 9a-9b.id.lustrate.an el.e j £al _ass |y 1500
el udi nathcientiy @b paniy st Gifl sRuFT A6 RRpsARSRARY

El ect ri cgylluaEsafigryuntiadadidichs Udes pasitdicdlbdetcalskietdin€ AlmCRBeAll P Zheand an
el ectrically conductive cable clip 1522. Shielded electrical cable 1502

i ncl udes EoWdoangtgrsdrlZ predaeludgstincordiriiceb4 et worstie gpyatheddugierier al | y
In 255'1%%?8‘2 k@ﬁg%ed%ﬁﬁucg&@%ﬁ& e S8hedPMclaGlid I8/ ol Bl NS ul at ed

conductors exten
Figs. 9a-9b illustrate an electrical assembly 1500 including a cable 1502

terminated to a printed circuit board 1514. Electrical assembly 1500 includes a shielded
electrical cable 1502 and an electrically conductive cable clip 1522. Shielded electrical
cable 1502 includes a plurality of spaced apart conductor sets 1504 arranged generally in a

25 single plane. Each conductor set 1504 includes two insulated conductors 1506 that extend
along a length of the cable 1502. Two shielding films 1508 are disposed on opposite sides
of the cable 1502 and, in transverse cross section, substantially surround conductor sets
1504. One or more optional adhesive layers 1510 are disposed between shielding films
1508 and bond shielding films 1508 to cach other on both sides of each conductor set

30 1504.
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along a length of the cable 1502. Two shielding filnms 1508 are di sposed on
opposite sides of the cable 1502 and, in transverse cross section,

subst ant ivDI29129030360und conduct or sets 1504. One or nor e Poptuisenaloc@mdhesi ve
| ayers 1510 are di sposed between shielding filns 1508 and bond shi el di ng
filnms 1508 to each other on both sides of each conductor set 301504. WO
2012/ 030367PCT/ US2010/ 060640 Cable clip 1522 is clanped or otherw se
attached to an end portion of shielded electrical cable 1502 such that at

| east one of shigl di Cﬂ(‘)ﬁzfz'lk BBnb ?8’§r §theGHiLd Glchyd t%qdﬂte‘ﬁagp tH hieldeB 1522.

Cable clip 1522 is nfirgured for termnation to a erence, such
as, e.g. elmmaacablelﬁ)i’e&rmhﬂfalet least pné nf guleldingdihing lﬁfb&cldctmﬁally cdntacgsst abl i sh

a ground 5 hi el ded e rlcal e 15 nd the . ground
Fef er once b EIIPASEH rttey T A2ar R EEH 16 T HERPS i CrURRIHEah SISty any
sui t abl e JIBS ROEonthdd €l cftinh 85 it 80cir i HaRD15197 {JWRiBYsh ABhadi cal

cl anpi ng, and adhesively bonding, to name a few. Wien termnated, cable

clipd 1522:onn§ct1ﬂabpﬂwe@ats iclded ientitchbrrblsf 130A@nd e gmumd @fﬁsrelme e ebpduct or s

2{)6: gfrg:']?ts egl?ec t%prggc |r’t1(§ %hlegﬁoggun% rﬁ e%necledglglg%mﬁ gﬁl{alb?e rngt% g 1{1013 191%&5]@2&%1‘22(:2”

printed ocidlgiifcripging, rﬁécﬁhﬁmcﬁhﬂz&hﬁﬁ% a&ﬂd&t@héshfeaﬂr be@bhE td bide My iWatnde one
or nore ground conductors as described herein that may electrlcally cont act

cabl e cl itprmiggted,icablgdiptlSeh may fegilitatestemainatian ofithe endsportipes offthahi el di ng
filns 150 t hod of
ki g s pdugtors of iysulated, hRrort 1308 R ILUPEALE RIETSAPI NP NOT O
t hat0 showtlerhént§oflp teimination pdint, sich St ep., icd)ﬂtalﬂtelm@ds 1M1 6feingprintddiacircuitsul at ed
conductors 6 sing, any s itabl.e t hod, such as .

ext rusi orPoagsk ‘asalf‘eg ﬁé&aﬁg@w& Y rnlaryslapﬁﬁ%anec%fﬁaaf@t%wglde;wﬁﬁw%a«ﬁor med
of - any Sujel@le hbRANH: mhpeuLakaly SSHRA CLIE $1i6 1 §BYint A8l Bf fmeg@gf&s such

or cut to a BJem red engtﬂ G ound conductors 12 (see Fig. 10c) be
f or med addaszom@ﬁ/shmtédingrﬁlms $508 | ar fashion. In the st ep ill ust rated in

Fig. 10b, one d|n fil d. A Si | a

milt 1 ayer Cwed 008 Jhibteatengm iy waiod of kserone Sl feon @i hatgd

cont3 NUOURatwh£lEL NRIBSRAQARSEE Bine &AGkk shbvaliflFRg1fi 1l m 8 may be forned of any
suitabl e I ength. The shielding film8 may then be provided as such or cut

to a desired IlalgsepitsiortcBuiidt Ha, nselatedicendiotyys 6|ar6nf08rnﬁ®y51b@alp§r e-f or med

T gngﬁlﬁ d;[SFl]lla ?bslvl?ﬁ;eglg d?p Suc a%l_le gfg % qﬁloiqgl E)I? é:r%: E)ﬁlsee Lfsle e%)lvllgded nlgulape conductors Pu de a

conf or mahhgy edfoescy ef zltlﬁ}ysﬁlﬁtaﬂl@ leripdH. cllﬂsu[mw &tﬁldﬁabfmﬁm@ﬁtﬁeh%e@lﬁb\&&éﬂ a@g film3$
usi ng any suitabl e nmethod, such as m nat | n? or sputtering. In the

step il | USeh o @t s desitgd longgh. Csrobmdjﬁxaxdp@tyr%lﬂ (seskieatQsd megde ferprdsang, ground
3009@dUCtp9{}%dé@mf{fﬁllﬁp%§lShng films 8 are provided. A forming tool 24 is
00

provi ded orm ng I'ncludes a pair of forming rolls 26a, 26b having
a shape corr edpomdteygillustratedaskigetDb, one or more shielding films 8 are formed. A

single layer or multilayer web may be formed using any suitable method, such as, ¢.g.,
continuous wide web processing. Each shielding film 8 may be formed of any suitable
length. The shielding film 8 may then be provided as such or cut to a desired length and/or
25 width. The shielding film 8 may be pre-formed to have transverse partial folds to increase
flexibility in the longitudinal direction. One or both of the shielding films 8 may include a
conformable adhesive layer 10, which may be formed on the shielding film 8 using any
suitable method, such as, ¢.g., laminating or sputtering.
In the step illustrated in Fig. 10c, a plurality of insulated conductors 6, ground
30 conductors 12, and shielding films 8 are provided. A forming tool 24 is provided. Forming

tool 24 includes a pair of forming rolls 26a, 26b having a shape corresponding to a desired
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WO 2012/ 030367PCT/ US2010/ 060640 cross-sectional shape of the shiel ded
electrical cable 2, the formng tool also including a bite 28. Insul ated
conduct orwo@p12¢m3aisnd conductors 12, and shi el di ng fil ns PBTAIS@01Q06@AGed
according to the configuration of desired shielded electrical cable 2, such
as any of the cables shown and/or described herein, and positioned in
proximty to formng rolls 26a, 526b, after which they are concurrently fed
into bite 28 of formng rolls 26a, 26b and di sposed between formng rolls
26a, 26b. rdal i i i r.sets 4
and grouﬁﬁ&gggggg?ggQ%%gﬁﬁ%ggbnggggﬁ?g%ggﬁgg%??%gngﬁﬁgﬂgg%ﬁpggﬁgﬁgéﬁ bot h
si des of e&ad¥. dovwihied condsetorsdo, analingrecondidttare Adurmdoheldigg fikea$ areeyrabgedappl i ed

to facilitate. bonding. Al th i i s, enbodi nent . form hiel.ding fil
5 ar ound SEoUGIE s cesRwBOL Rt MR R R le R ATNGT Ui ol g
films 8 t@praskbvrt HRYoRsEM heiHE 2n8@bofBEKLIGA PEGHAY t& RirminAidls apund

conductors 12 occur in a single operation, in other enbodi nents, these
st eps nmay26bealter winckstigs peet eonoweendlyi fosh gnto bitgy28 oDrmingretls 26 26bhkine| ded

electrical._cable.2 as.it.is fo Y form n | 24..1n t tional step
1 ust r achon Gegedoihinedal b2 a8y Forpiit 88, 5P RS fujeldlhd bl 2R
15conducteendstdrSscts.4 $3all drogndlédbndBytobE2 i toads siickivigefilded® ©lcach stheddn cabl e 2
usi ng any suitable nmethod, such as, e.qg., laser cutting or punching. In

anot her dith el ofseepcendugier pedardigioundgondwtors R Eleai may be pridicd tof
L i
be poovi deddentawet 4 siel drobdecbniductdt B2 argi togpd2(ashyclding fidhs 8 toredchadherAn out er
j acket 3 naégah%o gﬁc r%&ggeq4ar und %utgacﬁgn c%ive sgie d %gtusing any
sui t abl e 4Rk Heep, olaelhcaductar st 4 aagigropad sandyGions drcetiB AiiASHR W oTHI8: But er
Concuct, B palgrid IS bt cuistiggelct 32 e be oyl oo
exenpl ary net Hog 10 ihedkiatg shicklvdeladadabble? as it caformebbye forfiigstooli2h-d 1 ¢
HTustr attﬁe Qgt%ngpsteg HluSteated i 1%51 e? lclnag}{cS(liirslalrgapYitsbl% are formed between
15 conductor sets 4. Splits 18 may be formed in shielded electrical cable 2 using any suitable
method, such as, e.g., laser cutting or punching.
In another optional step illustrated in Fig. 10f, shielding films 8 of shielded
electrical cable 2 may be folded lengthwise along the pinched regions multiple times into a
bundle, and an outer conductive shield 30 may be provided around the folded bundle using
20 any suitable method. An outer jacket 32 may also be provided around outer conductive
shield 30 using any suitable method, such as, e.g., extrusion. In some embodiments, the
outer conductive shield 30 may be omitted and the outer jacket 32 may be provided around
the folded shielded cable.
Figs. 11a-11c illustrate a detail of an exemplary method of making a shielded
25 electrical cable. Figs. 11a-11c illustrate how one or more adhesive layers may be
conformably shaped during the forming and bonding of the shielding films.
In the step illustrated in Fig. 11a, an insulated conductor 1606, a ground conductor
1612 spaced apart from insulated conductor 1606, and two shielding films 1608 are
provided. Shielding films 1608 cach include a conformable adhesive layer 1610. In the
30 steps illustrated in Figs. 11b-11c, shielding films 1608 are formed around insulated

conductor 1606 and ground conductor 1612 and bonded to each other. Initially, as
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conformably shaped during the form ng and bonding of the shielding fil ns.
In the step illustrated in Fig. 1la, an insulated conductor 1606, a ground
conduct orwo@i2/spwced apart frominsul ated conduct or 16@6T/ts2e 00640
shielding filns 1608 are provided. Shielding filns 1608 each include a
conformabl e adhesive | ayer 1610. In the 30steps illustrated in Figs. 11b-1
1 c, shielding filns 1608 are forned around i nsul ated conductor 1606 and
ground conductor 1612 and bonded to each other. Initially, as WO

2012/ 03034l L340 .%9,%@1%%@ oy US tis?d &5 hal thGir plji%ilﬂal BRRESLVES Iyers 1610
still have their ortTginal thickness. As the formng and bonglng of

shi el di ngofmingend 66&lipg oCdeddingddms d 6dploecald hamiformabkyadhssidblbPers d6Tbr m t o

seh eve CeRLE EEIRCL oy 309 ShAFLAL S RELLARRSE DSLRS L 2 O

adhesi ve dhay®idcid@l@l e e60? (Fx hecy hi nner between shielding films 1608 on
both sides of insulated conductor 1606 and ground conductor 1612; a portion

of adhesive | ayeillystrdadindiigpl lgcedhcsivajaykrsodlf isesterm tehe thimer bpiveen
conf or mab} e adhesi v s, 1610 conformto, b pcker in areas imrediately
e acen PRAAMERERY Bt MR BRUAET bR R RO E Bl e bl eiEigbt

subst ant i @l1kya potibe bMAHRsiL O 1Sty 110 dipirdisl OF frdiBABcsaActagMithdr,conduct or
1612; a portion of adhesive |ayers 1610 displaces into these areas.

Furt her, cosfraablgisdbesigraniry 610gnferm gy thiskegp sraap insmedigtaly/edigccse r enoved
bet ween ' ' ' u : bl e
adhesive%Fggggg&%g%g%gﬁg%?%ggﬁgagg&?@gﬁ?gﬁggé&%f%%%ééﬁghﬁ%ﬁg ground
condtluct orindifdted edrelattor ¢60d yhdogratimtdéamdsitoel @i2ng pditlonsf 260Bivelbyans b@ide
approaches, a sem-rigid cable can be fornged usjn thi cker netal or

met al | i ¢ TRRICP 510 JESQarsty gvﬁﬁ?{gcqné%}%b? ew%lw?féi%{; GPRIATMOr ot her

et al ”ayeff%ﬁtiﬁiﬁﬁe k&n&%ﬁ%eﬁﬁe@h@ﬁ&iﬂiﬂg ﬁl!ﬁ%“%gﬁ aﬁégi‘du% cbhduBor Hls¢22al um num (or
other material) is passed through shaping dies fo create corrugations or
channel s donfarimeblaladhésmenaydrs E61LKF displnaorery fpon thaeasrcanshcpitimd lgeaindor t i ons  of

the shield. , The jnsul at ed conductar.s .are.pl in the 20 corrugations that
form t he B mb%ﬁ?ﬁkﬁ.KMPycaﬁgwﬁgmeggfgﬁgﬁﬁﬁgd, corrugations may also be
forped for thandpkRpWoh&es, alenilsdta€hNRBHEEPISn@R hiclQPhiceNak |y, drain
W res, are sandw ched in between opposite |ayers of corrugated al um num

The al ummetphlicayaserinl pay seldinprldea. ttoyetamenle alurningahergithas mase! mas! beebed f or
exanpl e. .Connection between the er and l.ower corrugated al um num

i or i nd TR g LR SR R e HER ThE AR b R R SRR R R R Nt vy,
t he pi nchieeuppklidpdipsdief totdaeat@tariigatiohLarhanrets i@rhosigedauny whidhefdrh dotdier

and/or_punched throu%h to provide positive contact between the corrugated
shi el di nd’qﬂé@l@ra@d pinched portions of the shield. The insulated conductors are placed in the
20 corrugations that form the cover portions. If drain wires are used, corrugations may also
be formed for the drain wires. The insulated conductors and, optionally, drain wires, are
sandwiched in between opposite layers of corrugated aluminum. The aluminum layers
may be bonded together with adhesive, or welded, for example. Connection between the
upper and lower corrugated aluminum shielding films could be through un-insulated drain
25 wires. Alternatively, the pinched portions of the aluminum could be embossed, pinched
further and/or punched through to provide positive contact between the corrugated
shielding layers.
In exemplary embodiments, the cover regions of the shielded electrical cable
include concentric regions and transition regions positioned on one or both sides of a
30 given conductor set. Portions of a given shielding film in the concentric regions are

referred to as concentric portions of the shielding film and portions of the shielding film in
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I n exenmpl ary enbodi nents, the cover regions of the shielded electrical
cabl e include concentric regions and transition regions positioned on one
or bot h swoes120f30%730gi ven conductor set. Portions of aPgiruseoshsehkd ng
filmin the concentric regions are referred to as concentric portions of
the shielding filmand portions of the shielding filmin the transition
regions are referred to as transition portions of the shielding film The
transition regions can be configured to provide high manufacturability and
strain ar’[ﬁie #hi&Sh Iregﬂohggrqufehjegtégg t?altfgﬁgn‘iat)ﬁﬁ;nrs'o?ﬁ{e shapdi ﬁM%' fhai ning the
transition regions at a substantially constant conflgurat% (1 ncl uding
aspect s duamhkitias regomy. can b zenfighapw®, promdt: hrgh mﬁmlﬁa;bturabiihqsamifsmauramit ure)

al ong the Ie ed eI cabl e t he, shi el ded

ol ectri carresunne dtend e duthi Rabiey MifRbioRRbr sBRYy OB Bt 1 o5, such
as, e.g. ,sum,tmlaﬂl@%aﬂﬁaﬁxeohﬁghaﬁdmchhdmgQ@a@t@ SudKRWe ol BSE! b chRsst,
reflectlon node conversi on, eye openi ng, and jltter Additionally, in

certain embaedineef airvauehalasg the. lepgth efrthodhmd@améaab‘ba’@lq mey hdodhiuct or set

i ncl udes d uctors t ha end .al.ong a | en f the cabl e
that ar & SR TGS ROMEH S Bl SEGREs BuRPR By heBlpncls o

cabl e t hatigicabqeacy Bonech aﬁhpbdran@e otiké‘ﬁvgfnemlbﬂIlospa*eﬂec@iohcmae &fﬂv@ﬂgﬁﬂe nt,
mai nt ai ni ng the tran3|t|on portion at a substantially constant
conflguré%?@ﬁﬁanbﬁ@»ﬂﬁ@rlength of the shielded electrical cable can

beneficial l'y of ohiglesUnS LA &Y mtl s S8Rl SCLIRBRANG '\Sthé tﬂ' devi ation

c
from an |deaI’§ concegfrlc case h condugfors I'n tLe con or set.
Thus) carmehdictaart moludes twdiasdetat lcgmxtlmtdrs)maoéxtéﬂd dotig armgtln ol mhepmbﬂa on al ong

the | eng of the shielded electrical cable can contr etot
advant agégﬁsar%%%kgﬁiigal}erﬂ&m&r%w cipely 28 pAVInaK]a ga ¢ thapea bI e. Figs.

12a-14b 1dohH&hdBhe MALIAHS p%ﬁ%ﬁ’@ﬁl@ﬁbfar?g@ﬁf%ﬁ{ 'ﬁ%nﬁémﬁ{% the %Qﬁs%&%’orﬁb@&tte{ I cal

cabl e that |nc§ude transition regions of the shiel | ms di sposed on
one or boubstaitidly cofisttiieo2ipoattercilong thetiength of the Ilmeldsd:h ﬁbbmeeﬂ ®@bkatani cal

cable 17Q2 h is.shown in.cross section in Fi a 12b, cl udes

S p ot & e proRidR B RSl 10 oA o AR gk L 505

Theishi el @aer@h€edst ifea ottt 8kldactbA0] thedondBctBRAL. TRud) @M%ﬁﬂ‘ébﬁttcﬂ'o@tﬁ‘eonduc'f or

sets 1704 sFaced apart fromeach other along a width of the cable 1702 and
1

ext endi ngoa @ﬁgtlgn Q@lh@rtgﬁtnhltlofl peHwngddsieethe kogth odithhgugHedelkstrionsablasan at ed

conduct or n_Fi 1 nul 11 nsu at ed n ors may be
el uded SRR @ofonn et Batt B it Rorrdhehi Bl BRI F I B Lc or o

a conductmgs. 3e4-14hdtusiratcRatbilid GREGIdRE amdsdinicatsafaishivhdd d@gincadlc thae cabl e
is considered to be an end conductor of the conductor set. The conductor

set 1704, nggdetgiionssgions of thesaiciding filmselsnosstbmens orbpbsidgeriithe i s al so an

en d20 conductor set.

The shielded electrical cable 1702, which is shown in cross section in Figs. 12a
and 12b, includes a single conductor set 1704 that extends along a length of the cable
1702. The shielded electrical cable 1702 may be made to have multiple conductor sets
1704 spaced apart from each other along a width of the cable 1702 and extending along a
25 length of the cable 1702. Although only one insulated conductor 1706 is shown in Figure
12a, multiple insulated conductors may be included in the conductor set 1704, if desired.
The insulated conductor of a conductor set that is positioned nearest to a pinched
region of the cable is considered to be an end conductor of the conductor set. The
conductor set 1704, as shown, has a single insulated conductor 1706 and it is also an end
30 conductor, since it is positioned nearest to the pinched region 1718 of the shielded

electrical cable 1702.
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30conductor, since it is positioned nearest to the pinched region 1718 of
the shielded electrical cable 1702. WD 2012/ 030367PCT/ US2010/ 060640

First anoweeoridoxhi el ding filnms 1708 are di sposed on oppddist@odswaes of t he
cabl e and include cover portions 1707. In transverse cross section, the
cover portions 1707 substantially surround conductor set 1704. An optional
adhesi ve layer 1710 is di sposed between the pinched portions 1709 of the
shielding filnms 1708 and bonds shielding filnms 51708 to each other in the
pi nched regi ongd {1B:Rhnd ffc18AB!Bmd 1968 22 HYobes Ghe GOOUIGHOLabREL 1704
The opti onal adﬁ%5|v%: % ere % %ﬁy extendﬁbart?gﬁﬁy J? ? 4#3 aé?oss t he
cover porandomelddodvof p(!rhensslﬁﬂél din trgnsvictsererdby @& tiom, the coer pmtione 1@'”10 hed
portion 17 9 of the shi Idln fil 8 on. o i de of t conduct set
1704 to tHESHHINSHTRYILS °6‘H“ P0%? g?ﬂl"t %@%08? &dﬁaﬂ‘fﬁi aﬁ?rll%g IHHSRItE ot her
si de of tﬂ@%@&nﬂyﬁh@ﬁe@&mé&%{w %@Hféssﬁie@dlﬁg ﬁﬁﬁ@Ma% blaﬁ@@sﬁl@ldﬁfgffﬁﬁgl vely

arranged as a coaxial cable may be usSed in a S|n% e ended circuit
D

ar r angemel708 t@mcéll%ililqlignfhelmhﬁdmlmmﬂilﬁ@fth@@ableddﬂélen thesidesypbr 1708a and
a non- condu tlve |c Ia 708 ustrated
oy P g, oS S04 s oo R e Sy 718 B SRR L ALS o Bt

conducto rtﬁe coNe't pomidhil7e? Mfth% @Bl@ﬁﬁﬂl@ﬁlrﬂéi 1798, of., ﬁbﬁl hopHitatd pertibayeesodf one
or both 150f shielding films 1708 nay be rever as dj scussed el sewhere

se
herei n. the shicldpgdila hd8ton apg sidpad thonduetonscs éﬁ%‘iﬁ’tthﬁ? pinglsd pastion hH9 i s
subst anti g [ t he conductor set
1704. Théﬂg yﬂﬁﬁaﬁgqﬂégﬁp?gépmg&ﬁP%ﬂ%¥%%H?ﬁﬁ#Bé%%;$§ggi|t|on regi ons 1736.
Port0 ons of t Heswddteékolidugtol 1706 k2Bctively heartgedns b toodialreablicavhidi/dby bé t he
cable 1702 are transi ortions 173 shielding filnms 1708. In
20some erHSBY S!S egﬁaﬁde‘l“@é a@f@%%qmqneaéhle@maefe ol OB MAUBELISA £ ans ti on
regi ons i f 04 and in sone
enbodi neglct%g@uogﬁg léﬂegggﬁa?%g Q?{eo& C(?ﬁg@éwg o%%&g%g?ﬁ%ﬁggo%% only one side
of conducidhodge¢nty, a@4]ustrated by Fagssil 24 aml ¥2bgiherrondix3dige dayer HefSarfecksitlye

hi el di il s 1708 and t t t 1734
of the cRrFPeofel, PR Ebh i et o Hedgn TR s b Paet oG o R
gr aggial tdf@ﬁi%ldlﬁ ﬁln%etm%am&%ﬁséd s BREdss@NS sewhikte RAeinPi Nnched portions

1709 of the shie d|n filns 1708. As opposed to a sharp transition, such
as, e.g., a rl%mldmggﬁl@Stlﬂ%mctudem concentnia pavpn fhehispobsiant ey cow@m;d to a

transitiqp If)ﬁlreteln rc]:z)nd ogrﬁﬁ%‘l a% ‘[t IS cor?cir%%[r%e Bf?%QSlIIh hlbldseggﬁgélcal cabﬂ\] Ii7é)? for

subst antlall y Sl tran5| Ion, PpProvides stral n an ress re

shi el di ngnéludiég&ra,h&%n lré’gl(t\ﬁsalWSBt P@ﬂlolhegf RShikld3e: Al 1@08%1\11&13& &alebatﬁﬁage t o
30shielding filnms 1708 when shielded electrical cab in
when | at dEFPR 73 obthe spbly 1RQhee hgnsHpr pdigne | 634 ¢f th%lﬁhl@:lémgéﬂwdiw TPH s

damgge MagnfonGidsdfnerds, dhicldoll ARLHIEEATL 823044 QAARRLRGE rif7adk11/3860640

positioned on both sides of the conductor set 1704 and in some embodiments, the

e.g.,

transition regions 1736 may be positioned on only one side of conductor set 1704.
Transition regions 1736 are defined by shielding films 1708 and conductor set
1704. The transition portions 1734 of the shielding films 1708 in the transition regions
25 1736 provide a gradual transition between concentric portions 1711 and pinched portions
1709 of the shielding films 1708. As opposed to a sharp transition, such as, e.g., a right-
angle transition or a transition point (as opposed to a transition portion), a gradual or
smooth transition, such as, e.g., a substantially sigmoidal transition, provides strain and
stress relief for shielding films 1708 in transition regions 1736 and prevents damage to
30 shielding films 1708 when shielded electrical cable 1702 is in use, ¢.g., when laterally or

axially bending shielded electrical cable 1702. This damage may include, ¢.g., fractures in
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conductive |layer 1708a and/ or debondi ng between conductive |ayer 1708a and
nonconductive polyneric |ayer 1708b. In addition, a gradual transition
prevent s wearapa3da7shiel ding filnms 1708 i n manuf act uri n@Cofusgiiosbaed

el ectrical cable 1702, which may include, e.g., cracking or shearing of
conductive layer 1708a and/ or non-conductive 5polyneric |ayer 1708b. Use of
the disclosed transition regions on one or both sides of one, sone or al

of the conductor sets in a shielded electrical ribbon cable represents a
depart ur ecohgmfve@@éﬁ_ﬁ%smhzo@%@ﬁ&dﬁgﬁa\g&f@édnaﬂaiv_eq 1368a $hdhon- @ typi cal
coaxi al cable, wherein a shield is generally continuously disposed around a
si ngl e i meullattied pohnouictlayer 1308ka In yediten, acayadvehtrimtain frew anéxdambagead| e, in

which a shield i.s c j.nuousl.y di spased, around. a 1 it .of insulated
conduct orbietdine ims A FARARRG G FEPasIRh S st e Gf scl osed
shi el ded jgtI884, ol CakracklY GSheARGRACBRIROE REEF 1 08k aRLPRSA-LERIUCA: be

achi eved by reducing the electrical inpact of the transition region, e.g.,
by reducinedyréric lsyerd 788b tUse aftemdibelpsd traggjtion regielisen apgroebathl sydes ehenal | i ng
the conf IS urea(}rla e %Hce tohg é[t(r)ras% Ii%'a%ﬂieic?egle?r&tr?cla?plgb(gnheabﬁeerre] tehenceéc at he shi el ded
15el ect ri°Cal® €abi% M redt i ng e AT FE BT The 4 r'anst ¥ on Pegioh® r educes t he
capaci t anfepaf@¥ifidii eshvamibnaeciblesorifiparations)ist€ass paG an briivue edaxialcablp e
conductor sets, thereby reducing the conductor set pitch and/or increasing
the el ect'¥heain ajssislisigshctBidy srremuewiy dispercd seauad achiedy isulaisdcppiucsr, ehe
configurag. . L1 i . . i ed
eIectricat&ggg%%n%%ﬁ¥%%@8§%%ﬁ¥gaggggﬁﬂPﬁgQ%gg§?§?g§®g6€¥gé?¢?%%?ﬂ%ggghavior
andl@onsimirerfdysulandd edndpetossi des for hi gh speed transm ssion |ines so that
electrical data cap be nore reljahly transmtted refuyl contrql of the
confi gur at i on ‘SFCOFHRS tARIRID t ?tga%é)m? ghiye fiwéfopiﬁﬁw_g%ﬁ el?%ecag krelFted

el ectrical, lgel'eétri,@algﬁﬁé?ﬁesac%ntble%cﬁb@éﬂ @Ireﬁﬁkﬁné HRRR QAN IRRLE bOfe

appr oaches | ower siz mt. An electrical chafacteristic that Is often
consi der gthnsision hegioh a&rgdiyeedsting thie sredd tlegrdSuion trégon patiendassfuldbn | i ne.  Any

i npedance changes al ong the | th of. a transnmssion lin . cause power
o be rerPeRrlds o g phen sbReEn il s b IObe R AEHF ehigio o he
target. |geakiday calfler édiRNEthS §iz0 Bf theR@n¥itibh rdp@rebtcds MREGPRGRNYAT i ati on
along its length, but, depending on the intended application, variations up
to 5- 10%desiptibe aad tedpecsihercqaiet snacc bitasen mudiple pendactoesitstthacshat is of ten
consi der €dq| 1, £ . g%%dﬁl%r%%béi%ﬁ ah§lol In%lrre%@i‘tng%'m' éﬂecﬁ{i'cé{ Sl BAZEGW Of unequal
transm ssron speeds Of twWO ‘transm ssion nes of a palr along at |east a
portion Qontligdr sctseM@idful Suol of tad Yoo e ivnesfshomaditidnhegidh hicagens | al

signal to a common WO 2012/ 030367PCT/ US2010/ 060640 ) )
length of the shielded electrical cable contributes to obtaining predictable electrical

20 behavior and consistency, which provides for high speed transmission lines so that
electrical data can be more reliably transmitted. Careful control of the configuration of the
transition region along the length of the shielded electrical cable is a factor as the size of
the transition portion approaches a lower size limit.

An electrical characteristic that is often considered is the characteristic impedance

25 of the transmission 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

30 skew or 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
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node signal that can be reflected back to the source, reduces the
transmtted signal strength, creates el ectronmagnetic radiation, and can
dramat i caWwbyoinsoase the bit error rate, in particul ar PCirtusesro/ob@e@l | y, a
pair of transm ssion lines will have no skew, but, depending on the

i ntended application, a differential S-paraneter SCD21 or SCD12 val ue
5(representing the differential-to conmon node conversion fromone end of
the transmission |line to the other) of less than -25 to -30 dB up to a
frequency,gfe JiMa8 1B Lan BUCRe@sd b&ko thbsoFd; rddBYes e @&ﬁﬁﬂ&&%i%pal

Al ternatively,”skew can be measured in the tine gomaln and conpared to a
requi r ed sspegthf ¢reats dectrddivgatieddaltiontandeah doalities! [ esmasdthd bitermer mteray

achi eve skew val ues of, | ess tharn. about 20 pico onds/ net er (psec/. or
ess 10t HARVEER T jRealioh P RSP Bet L ARSRED QIS GRE up. t o
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acceptabl e electrica fpropertl es, transition regions 1736 of shiel ded

el ecl ri cdrepeespntengitho diffegntedehcarmpbu dwda cenesyon fomi aand of dhesi ti on area
1764a. The transition area 1764a i snall e an.a Gross- sectional rea
17o0a" of MEepirTiaRh ping Jo BleBhoet QRS Rarb 1331 th 40 4B R0 55 FoRidiey RE B puch

15t r ansi tdsofg.ab €GHZ Ad§dbeiccdptabds iAltedimtivelyi, Sewldahtbel ieadgifed i@ theliymé r ansi ti on
points 1734" and 1734". The transition Foi nts 1734' occur_where the
shi el di nglomaikgndeampared PragrdwEdrigediipaioanthigldeg clesticahtablcs dasehed he end

insul ate t.of f t - 4 r iy oints
1734 “ar e FHL S it g R 0 Bl R i omd BR OSh LToR
20t h® curthat alroat 0 pidedm shbi etaipigaf datamsarki@8peddanfes tsl @BbpFor exanple, with

reference to Fig. 12b, the curvature. of th r shielding film 1708
transitions fr %ﬁé&%t@mw&%ﬂd&%%ﬁﬁwﬁﬁ%va aggePfable sleatriedlt i on poi nt

which is gﬁr M&péﬁnﬁﬁ&%g&h,@@ﬁ@ffkthie]rge%ﬂélectff&? cBHE YA LGy inchtiﬁﬁglié)é("er

shiel din Im 1708 transitions fromconcave upward to concave downward at
t he | owercrossfscetainabimarpdiontargdl dai dhe rensitiamaict il dedapeismalld7Ba a crbbe 250t her

transition points 4" occyr epar ati on..between the, .pi nched

bor t 1 ons SossrabiiS 0 SRR ot TR 558 et Bie il - at i on,
di, 1of thenpitios AR 17964 bpt@ﬁlsﬂt?dﬁgre%iaﬁ 12301l ehed By tesidACilits 1934.ani thin a
range of about 1.2 to about 1.5, for exanple. In addition, each

transiti dif34ea 1736a may include a void area 1736b. Void areas 1736b on

either side ofthe conductor t 1704 .may. be .substanti al | he ,sane.
Pt trer - SoaqrEietfaSPRONSLLAE ol SolRng Sistdht AR AUl faF BRI | 1

portion Isabsta@falll/eensdhitred Hthehef dnldimsulB& canddctar 1 T06cdMEBS Sordlcohgettizensi ti on
portion 1734 of the shielding film W0 2012/030367PCT/US2010/ 060640 1708
that is griedtasitiongainth] Bna<shapeintsgif gafiogtipy of theshis|dieg fikyel708 21 philly have

a_t 4§ cknags oTan RElReD L AASTf BOLLLOUS, 178990 NG ailelllng, {1 s
1708, ang gc%ﬁlﬁ’tg nées S@g}?& taﬁg tr gn2?¥ P@ﬁl%y%ggr]??'on&%?g po%)g]tnﬁeb% 6?18? ing film
1708 t hatFigsl2gr thatcervatirant theivplaresheldiag filkAd @8 irvesifiengdrond ddzandy repr esent
at | east 25% of cross-secti ogal transi.tion L . .
ownward to concave upward at the intlection point which is the upper transition point
1734°. The curvature of the lower shielding film 1708 transitions from concave upward to
concave downward at the lower inflection point which is the transition point 1734°. The
25 other transition points 1734”’ occur where a separation between the pinched portions 1709
of the shielding films 1708 exceeds the minimum separation, d; of the pinched portions
1709, by a predetermined factor, e.g, within a range of about 1.2 to about 1.5, for example.
In addition, each transition area 1736a may include a void area 1736b. Void arcas
1736b on cither side of the conductor set 1704 may be substantially the same. Further,
30 adhesive layer 1710 may have a thickness T, at the concentric portion 1711 of the

shielding film 1708, and a thickness at the transition portion 1734 of the shielding film
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5area 1736a. The presence of adhesive layer 1710 in transition area 1736a,
in particular at a thickness that is greater than thickness Ta, or

t hi cknesswOapi12/sastvri butes to the strength of the cabl e PCTABR2010/06060
transition region 1736. Careful control of the manufacturing process
and the material characteristics of the various el enents of shiel ded

el ectrical cable 1702 may reduce variations in void area 101736b and the

t hi ckness of confornabl e adhesive layer 1710 in transition region 1736,
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Shi el ded tk¢ eqtll¢ 1 70 inGRdirgnsitidddegivy 1786| ude transition regions 1736
positi oned on 20bot h sides of conductor set 1704 that_ each include a
cross- sect i ondfarefubemitiol ghthgmemufagheing mogeneans the sratatabsharadenstishaf thar eas

L7342 1 ual anhbal by hDace T eli0agic 82 L BOGLR.QLAANANGE 0LiakiQ0. For

exanpl e, the sum of cross-sectional areas vary | ess than 50% over
a | &gt h 1B6R angtherthicbinse bfleshfednebla idhasive blybel 71DAR tranyitiomodgictel 736ansi ti on
regi ons 1736 Bg;itioned on both sides of conductor set. 1704 that each

i ncl ude aVRIFREWY IDBEREIIIEHNITAHORN LY f GHPAGHALC DT SOAS-STRHEP; tFnpifign arca
cross- seqipRAnlBANILHON ABIEI90I AGIHE FHRHANLLRN 1736 Essiﬁ&m-onsh' el ded

el ectrical ca may include transition regionsS 1736 positioned on
bot h si demeof bothrsdles od corskictot 3G4,704Mtert eichudeh e ctasansdtionartransigiooascal 736 ar e

bstantiglly identjcal. |nsulated ductor 1706 h ipsul at i
hi cknese e gt N kP g Bhor5 s M sadeestori R RSt n e ¢ ha
is |ess tRaduditisiost Spldbdeickiiesiscable 1307 heyGRabded trsmpﬁegronqm& nsul at ed

conductor 1706 has a diameter Dc, and transition region 1736 may have a
| at eral Insnigioned on piger Gosh pidessofideaduateresctil Hiethatringhudeptaecrossrsicotignal WO

20127 030360 Kiibh R2 9 7960 AP A LGN LAY R LANOw SESHE 1heth AOONE, B ARk Ie 2
char act _erl S I'C I npedance a I’_GI’TB.I S W In esl red range, sucn as,
e.g., W tdkamplk; 40%-edctiandlaragsition aRe dIBELMUAN WS, lc3 Wldh 595 o®erGh len®l oINS,
over a given Ienqth such as, e.g., 1 meter. | , ..

meter. Shiélded electrical cable 1702 may include transition regions 1736 positioned on

20 both sides of conductor sct 1704 that cach include a cross-sectional transition arca ,
wherein the sum of cross-sectional arcas 1734a is substantially the same along the length
of conductor 1706. For example, the sum of cross-sectional arcas 1734a may vary less
than 50% over a length of 1 meter. Shielded electrical cable 1702 may include transition
regions 1736 positioned on both sides of conductor set 1704 that each include a cross-

25 sectional transition area 1736a, wherein the cross-sectional transition arcas 1736a are
substantially the same. Shielded electrical cable 1702 may include transition regions 1736
positioned on both sides of conductor set 1704, wherein the transition regions 1736 are
substantially identical. Insulated conductor 1706 has an insulation thickness Tj, and
transition region 1736 may have a lateral length L, that is less than insulation thickness T;.

30 The central conductor of insulated conductor 1706 has a diameter D,, and transition region

1736 may have a lateral length L, that is less than the diameter D.. The various
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Factors that can influence the configuration of transition region 1736
along the 5 length of shielded electrical cable 1702 include the

manuf act wonrgizsesess, the thi ckness of conductive | ayePSTIR@&/0606d0

non- conductive polyneric |ayers 1708b, adhesive |layer 1710, and the bond
strength between insul ated conductor 1706 and shielding filnms 1708, to nane
a few. In one aspect, conductor set 1704, shielding filnms 1708, and
transition region 1736 10are cooperatively configured in an inpedance

controllidgs ﬁ&ﬂs%%ﬁ?b%d aHBvd ﬁ@ﬁ‘z‘?d% aCéTﬁHcga'ris{iE‘ﬂnESé%ﬂaﬁ‘éé ARSRRIEans that

conductor set 1704, shielding ti 1708, and transition region 1736 are
cooper at iwighiy aclesifddgangyd stah asong; elithich® 1 @Yarfadtmei mtfcdaiarpetianaehaes, t he

shi el ded eleﬁ}éhcal cable. Figs. 13a-13b Hll%strate, in transverse cross
section, T&we ﬁﬁﬂ§?§a§H@8&?%@hﬁgc > 18a ‘shi'€l ded el ectrical cable which
has two i nsul atgghre@RdLaLRNSench R GANSWELSH oS@insitiRf8Eibh 1936 ﬂoﬁ%ﬁhe 13a,
shi el ded el ectrical cable 1802 includés a single conductor set 1804

i ncl udi ndengi of std¢ldedielattrigalicably| 1502 thcbsledie menwfadigose psocessdihaghigknssy a
| ength of the,cable 18 Two,shielding filnms 1808 ar | SpEsed on._opposite
o aos of ¢t e iR fy iR and (R A i B o PR d OB AT 0B. SEPRE G B oPR oot o

set 1804.17A0, fiatth@bald Arhesibeevdanyadul 8l Corddtwr 7 EPasiadiddhyaans p7os;hed
portions 1809 of the shielding filnms 1808 and bonds shielding filnms 1808 to
each ot héP n@mcBdew. si des of conductor set 1804 in the pinched regions 1818

of the cable ilﬁg)ﬁ% P#ﬂéé%#!cé‘ﬁ @to?"s’&%ﬁhOsrh?elcliﬁg‘ﬁ(l:rggn@g afid Eré&%ﬂll %ﬁ{&‘ﬁfﬂﬁgky ina

si ngl e pl ane ctrvely Tn a tw naXi a Igura
t Wi b@axi alare edidperationlyi cgufigiircd in aaimpedanteednirolliag délhticeskipt i2al ing@idancei r cui t

t .. .Si pgl d 25ci it nge. . Shj el di fil
1508 ray. COHED (S TS GINBRCEFS ageRiEsBEs Hitd L AGAE CabAN. 980 pol ymer ¢
l'ayer 18Q@hHi@ibon M8)on f"Pjé‘(ﬁl§ cb r&lféfggﬁ%hﬁﬁﬁreh@cy E5ntHB AR ML ARV ﬁéﬂﬁ:dance

non- conductive polymeric |ayer Frg. 13a shows conductiv ayer 1808a
faci ng i nfthasheddabelduntadcgble806, but in alternative enbodi nents, one or

both of the shi.el ding,fi may have a reversed orientation. .3QThe cover
por ti on 1807 dFEa 36 hBRao FRe<erh Greh e T P SRS R ket
conesnt 1 i LshiRQAdd Q8rided $db1t RAlicha=8 t§ ¢ RELAMD RhlYct6Q1ME 8 BbiduetoMséth
correspondi ng end WD 2012/ 030367PCT/ US2010/ 060640 conductors 1806 of the

conduct orRefering 8o Kig. |l fa, shiglded glestridabenbief0@rinalgds aofingl eonshuptos sad§94
transition rtion.183 the shiel di il s, 1808 are tween .t he
toacent r (eiBBhER i Pedyly HOFuEOLEIRLAR I80eTRciitE B4 PROME SRl Ngle
films 180802 Trwoshitidy Madst 1808 arcld@skosad 6n ppsdsitt SideslofOie batlh 180a iaf

conduct Orcofn%tina:‘lfi%g%u‘t?s?gntigﬁg Qur?gu%r(]i c%g{ilgcit(%nset 1804. An optional adhesive layer 1810

20 is disposed between pinched portions 1809 of the shielding films 1808 and bonds
shielding films 1808 to each other on both sides of conductor set 1804 in the pinched
regions 1818 of the cable 1802. Insulated conductors 1806 can be arranged generally in a
single plane and effectively in a twinaxial cable configuration. The twinaxial cable
configuration can be used in a differential pair circuit arrangement or in a single ended

25 circuit arrangement. Shielding films 1808 may include a conductive layer 1808a and a
non-conductive polymeric layer 1808b or may include the conductive layer 1808a without
the non-conductive polymeric layer 1808b. Fig. 13a shows conductive layer 1808a facing
insulated conductors 1806, but in alternative embodiments, one or both of the shielding
films may have a reversed orientation.

30 The cover portion 1807 of at least one of the shielding films 1808 includes

concentric portions 1811 that are substantially concentric with corresponding end
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5i ncl udes a cross-sectional transition area 1836a. The sum of
cross-sectional transition areas 1836a is preferably substantially the sane
al ong t hewbentgtd3osms” conductors 1806. For exanple, the seerTafs2010/060640
cross-sectional areas 1834a may vary |less than 50% over a length of 1
meter. In addition, the two cross-sectional transition areas 1834a may be
substantially the 10sane and/or substantially identical. This configuration
of transition regions contributes to a characteristic inpedance for each
conduct oreoh§ok T50EbEME R (ﬁ?ctcﬁ'@gt A0d! if ffehinliby kARGHRSE AfRLROL N T emain
within a desired range, suc ) hin 5-10 a target inpedance
val ue ovd802, ‘rgamﬂmnlpertgmhl%guxf Ithmuel@ng ﬁ,lrn& 1868 mr betweeadhth donoentri¢ hi s

configuration qf iti.on region 6 f the two
conduct orpémi%’éésé ‘gﬁlﬁtpnfcélﬁgp Iﬁloﬁf%tg(fbt fgﬁgﬁl}le@ lenqulr%g#v ransition  \waep t he
cabl e is joxigR 1896 Qieﬂlﬁﬁltloﬁkdiaﬁbotﬁ%ﬂfeh gHEGHIueR: s@a8D4 Bhd t428 sabli FdrelbRg il ms
may be characterizable in transverse cross section by a radius of curvature

t hat3 chaﬁg@gd@@r@g$ -gotpngt raftianhaeae Bl6a. T80 3umThHerasecstanontlr tzedision of

curvature of ccur,, for e pi nched
cort ton 7505 18354 RSkl bosMin i P Q558 Te Ry SAMRL o fagk oy
portion lS@phf tHehamaf drdssGoniisal atacE3ue nﬁa@tvaﬂ-ﬁﬁgs thhh B8%r@ted ldngthify. 13a.

At these p03|t|ons the filmmy be substantially flat and the radi us of
curvat ur ¢l Wei¢r-be substantially infinite. The nininumradius of curvature of

the shieldingdi, Pgﬂln%ﬁ,%l %@/ i@gsgk'erc 1o££&raﬁ§&ﬁ%h%as 4340, BANS dt%ht?ﬂlg}&ﬁéti on

1834 of the shie n sone e rments, the ra
cur V@at ur eamk antver sdhsezlndhlltggidfehﬂicml athie ssnfﬁgteat\inimbﬂ“tramﬁltlbh eegmb;l dentrfbu%ads | east

about 50 m.croneters, the. radius o \Y; tur 0 \}
magni t ude* SREACIeEisti Hawd%%ﬁ%?wgwt%lsaﬁg 5@ %cﬁ 3%&%@% h of the
cabl e, belweshct Bet 6895Sma Witein Gaklifed rh é%@ﬁ gdgv]'j'fﬁﬁ%ﬁ’lo%%fast @d d' ng

films that 'include a transition portion, the ra curvature o
tranS|t|0nmp¢n&a0duobvmhaysh1bhghngwhwbnagslHwnﬂHanhyﬁmmrmﬁawmﬁgm@uon50
mcroneters. 30ln an u | ded Iana co uration, shj i n fllns 1808
That 1 neidaans oo pain THop it B e A storonilies dplh dgpgal foas
chalﬁctegk;@&hgnﬁmr%n ius of curvature of the

2012/ 030367PCT/ US2010/ 060640 concentric portion, Rl, and/or a radius of

curvature of tWéen tharvgbheubm q@omtﬁiﬂdﬁ:d rpnlanav\m@gumt@n; ¢a|cky9f thatsbiglding filrgtur e

13a. In sQne, e qp iR LS |n 9 q{ § Referring
€ a[c derl ablg’in ransve SE cr sec 1 g A radius§ o curva ure that changes
to Fig. fg?b}’ ed electrica I's'si'm I ' 'sone aspects to

shi el ded &f&@hwlﬁtwoﬂﬂ@&éablelfﬂbz T%%a&&ﬁu@hh@hﬁ@ﬁc@be&@ﬁerdﬂﬂ&l shiddihg fil:802 has
individuallé 5i nsul at ed conductors 1806, shielded electrical cable 1902 has

jointly i1$98mayeascusfIsseops. aighe Pinkbidnaidre 809 ofthneabls B2 adicaiibc 1936 ar e
Sub§q ant i aldey élhfbd#tgé c :pﬁﬁﬂ)%' 1809 'af{h%%@g-scoﬁﬁéc@oﬁéaﬁ1%91’861%115&&&%9

benétits to SN rical cab
Fig. 13a. At these positlons, the film may be substantially flat and the radius of curvature

may be substantially infinite. The minimum radius of curvature of the shielding film 1808
may occur, for example, at the transition portion 1834 of the shielding film 1808. In some
embodiments, the radius of curvature of the shielding film across the width of the cable is

25 at least about 50 micrometers, i.¢., the radius of curvature does not have a magnitude
smaller than 50 micrometers at any point along the width of the cable, between the edges
of the cable. In some embodiments, for shielding films that include a transition portion,
the radius of curvature of the transition portion of the shielding film is similarly at least
about 50 micrometers.

30 In an unfolded, planar configuration, shielding films 1808 that include a concentric

portion and a transition portion are characterizable by a radius of curvature of the
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Figs. 14a-14b illustrate variations in position and configuration of the
transition portions. In these exenplary enbodi nents, the shielding filns
2008, 2108o0hawén3eds710asymetric configurati on whi ch chamgeastée/opsge ti on of
the transition portions relative to nore synmetric enbodi nent such that of
Fig. 13a. Shielded electrical cables 2002 (Fig. 14a) and 2102 (Fig. 14b)
have pi nched portions 2009 of shielding filnms 2008, 2108 lie in a plane
that is offset fromthe plane of symretry of the insulated conductors 2006,

2106. As @nt&sbt bortibMeR & haDsi 4 f'aﬁﬂls_ro?gﬁ&%r@ﬁ@tﬁe té&&@o&‘@éﬁoﬁrlsm of f set
I er te

position and 15configuration relative to ot depi c enbodi nent's.
However , ibystewsiunibfngpre had. Inhemereanwidimants, Ragi ons a2086,0f21865ar e posi ti oned

substantial ly etrical ith re ct tg,c espondi ng i nsul ate
conductor o 2008 0ee Fiz: 9. et 3EhEw R BOGER EREty TR DRt S ben ¢ ne
conduct orghi 2@l cctl@PLabl@ 802 RecréRBhRRY B iRl O1b1Of802rAR$idiViatallyedi ons
2036, 2136 is carefully controlled along the I ength of shielded electri cal

cabl®s 200sulatod gndup@shl 896dshdcld¢ ddeetiieallcablad P hagomtlyingatedhgprigdgctors

confi gur stildl _provide acceptahle electri.cal .properties. Figs.

Con 150 TOAbNGAdoR P BSGER PR BSLRBTR IR S IS TPe i ol deo
el ectri calg3eahd providd 96 sard®bentbig to bifidtdbd RlceftitaPEdic2Bf02i | | ustrate sever al
exenpl ary enbodi nents of a pinched portion of a shielded el ectrical cable.
Fi gs. 15a-20f Hipy dde4b 8lptaie yingintéansan pesipoheneepngsptation of hatrapsitioynf i gur ed

to el ectrjgally Iﬁﬁl%ké"&gen?plﬁ%ﬂ%ﬁh 3E theWhidififie Fth LR 2806 Gal cabl e.
y be ‘e

o fef :

The conductor set ma ctrlca.ﬁy i'sol ate rom an’adj acent conduct or
set 1 e. g.asytmemidonifigeracon s chl dhahgisweeposititinagfend trasitthingiostiosatiativdiogs .
15a-15¢ and 16a-16 o] ({ron1the external . e virgqﬁgnt_of tqe f i.el ded

el ect ri cdROegpmacilc gmbodigens syrhthago lgc%%ao;%@ﬁ ¢4 deqtrenl seblsh Fe from
t he shi el I %&gﬂ-' 3 I : iR 9 er.ence
fron1extégﬁg?ﬁgﬁﬁ?égg?hﬁﬁgg&gEgﬁg% ng%%%ﬁ?fﬁfﬁg%%t casé@?’%ﬂ%ﬁ%%ﬁghed
porti on rmaaneithatlisidEser dronoths phame lvdsyroaletrs of thetinsuiged corclhatoge20ioe21060

2012/ 030367PCT/ 010/ 060640. el I i sol ati on. anmpl es i ncl ude cl ose
o oxi i Ly ot FoHE RGN cForhEt i G B eI Rt NSt BV COREEY ol bet ween
t heyshi el @hAguhiibiFelatBe @ Bhef Qdptted BBodiRRhts MRERy bt 8¢ bnQirink Mkt tiRCt

el ectrical contact with at | east one of the shielding filnms, extended

di st ance tiresiien tcgielseddd it 2 136rdupesitionsd substastiply epnmigirisaly wWhtbirawpeet tadj acent

conduct Orcorresponding insulated conductors 2006, 2106 (c.g., with respect to a vertical plane

between the conductors 2006, 2106), and that the configuration of transition regions 2036,

2136 is carefully controlled along the length of shielded electrical cables 2002, 2102,

20 shielded electrical cables 2002, 2102 can be configured to still provide acceptable
electrical properties.

Figs. 15a-15c¢, 18 and 19 illustrate additional exemplary embodiments of shielded
electrical cables. Figs. 16a-16g, 17a-17b and 20a-20f illustrate several exemplary
embodiments of a pinched portion of a shiclded electrical cable. Figs. 15a-20f illustrate

25 examples of a pinched portion that is configured to electrically isolate a conductor set of
the shielded electrical cable. The conductor set may 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 shielded electrical cable and

30 minimize electromagnetic interference from external sources, Figs. 19 and 20a-20f). In

both cases, the pinched portion may include various mechanical structures to change the
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5sets, intermttent contact of the shielding filns to each other directly
either longitudinally, transversely, or both, and conductive adhesive, to
nane a fewo 2bre/Bos7aspect, a pinched portion of the shi eCaiusgomiobesao i s
defined as a portion of the shielding filns that is not covering a
conductor set. Fig. 15a shows, in cross section, a shielded electrical
cabl e 2202 that includes two 10conductor sets 2204a, 2204b spaced apart
across a wdth of the cable 2202 and extending longitudinally along a

l'ength o deléclﬁ’?ca(}: aBlafioR 2 @gamﬁl%§ ﬁcﬂﬁi@@%& Bfox%?ﬁty %gﬁl%%hle{?(ggé ﬁlrhé" @ gi'ld es two

i nsul ated conductors 2206a, 2206 Two shielding fil 208 are di sposed on
opposite(Bﬂd@scoémﬁmmnmaUMEb@Q©@1ﬂkmhmkhm§ﬁhn$gﬂnmdssnésmnsdnnnuhwer

ortions 2207 aof th h|eId|n il 208 su a surro conduct or
Dot s podbiectordgtets RGN PRtk bl BT pg PP SRl sy 5L oot e
t he COVerdlﬁﬁ’ﬁ&'b@ﬂ%e%%g]%@énttcbﬁd&mr%kg' ﬂ@sfchﬂ BrBald3Brdcn o9 %@@ﬁt%ﬁ&&@or
substantial |y surround each conduct or set 2204a, 2204b2gé enconpassi ng at

| east 70%c6f maer@étmnp h@rtgct@f thezbieldjomilins toreagle pthepdisectly ﬂlblonglﬁldmahlcfhed
regi ons 2[1%1}18 e(l)rs | Q)?bg 1 Cla]% Ve ad]Ees ve, (!)gaese Off th Ocnoncsiuc or S 2204a,
2204Db, t he ShT &1 4N F?ﬁ% Bg I'nc e plnéﬁe% por onsD20d" “Shi el ded
el ectri cqiort(i@b(bfahaaﬁaduighﬁnﬁlm@ém@da@p@bﬂi&ﬂﬁtﬁaﬁﬁel@ﬁlgsﬂmkm ibgloftl | ms 2208
and insul ated conductors 2206 are arranged generally in a single plane when
t he cabléozg@%%@gﬂwﬁdﬁrﬁﬂanar and/ or unfol ded arrangenent. Pinched portions

2209 posi tiongd, 1’3a%ﬁ660§§ﬂc1%‘3§‘9&ﬁ&9rZgugejlcged%%ﬁ%alf%ﬁé@z@i aP‘ﬁElfu'd d t°

electrically i'sBl at'e Conduct oF sets rom eac
arr &hged dondectgesesr2204y, 220dbapaccd npat ﬁtedssarwﬁlﬂgemthabablazzm zinds@mmdﬁ@ | n

Fi 2515a f | ect | at f first i | at ed
Conduct orlon b0 Hons “demanel B b 2804Erd cnpygor o ehbaseebly | noul ot od
conduct 0rm@l%&’e@t%wb@nstu*l‘ﬁe&fﬁ?ﬂ\:l%%rzz%& 22461, 'T%zo%‘lﬂ?&&lg%hhﬁé bY0d &8 &s%@é};g the

hi gh frequency electrical isolation ‘of the first conductor set 2
rel ati ve dnopphgtesedond tioortlec2202. detradRousb crdgmsecam,rqolvef, parhensiA2§f off tlequency

i sol ation,of .the fi i nsul ated conduc reI e second .conduct or
Sat i ohidibe B S LOR S G RIS Db Bt My by 35S SRy ang
a | engt h 0fi4br Rt@Able 208, el ftﬁeew%ﬁwlbﬁmmbpme@ﬁlet filn 53208
conductor set relative to the a jacent conductor set is a

2012/ 03038 zpa@bmagon suystenalyosurround each conductor set 2204a, 2204b by encompassing
at least 70% of a periphery of each conductor set 2204a, 2204b. In pinched regions 2218

of the cable 2202, on both sides of the conductor sets 2204a, 2204b, the shielding films
2208 include pinched portions 2209. In shielded electrical cable 2202, the pinched

20 portions 2209 of shielding films 2208 and insulated conductors 2206 are arranged
generally in a single plane when the cable 2202 is in a planar and/or unfolded
arrangement. Pinched portions 2209 positioned in between conductor sets 2204a, 2204b
are configured to electrically isolate conductor sets 2204a, 2204b from each other.

When arranged in a generally planar, unfolded arrangement, as illustrated in Fig.

25 15a, the high frequency electrical isolation of the first insulated conductor 2206a in the
conductor set 2204 relative to the second insulated conductor 2206b in the conductor set
2204 is substantially less than the high frequency electrical isolation of the first conductor
set 2204a relative to the second conductor set 2204b. For example, the high frequency
isolation of the first insulated conductor relative to the second conductor is a first far end

30 crosstalk C1 at a specified frequency of 3-15 GHz and a length of 1 meter, and the high

frequency isolation of the first conductor set relative to the adjacent conductor set is a
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second far end crosstalk C2 at the specified frequency, and wherein C2 is
at least 10 dB lower than d. As illustrated in the cross section of
Fi g. 15a,woheizosbiée 2202 can be characterized by a nmaxi ROmUse@anaision, D,
bet ween the cover portions 2207 of the shielding filnms 2208, 5a m ni num
separation, d2, between the cover portions 2207 of the shielding filns
2208, and a m ni num separation, dl, between the pinched portions 2209 of
the shielding filns 2208. In sonme enbodinments, di/Dis less than 0.25 or

l'ess thane0ynk faf th SR AN leé@ SoifiliBylcc B8 WrdiNan i Oatddast A 8Pt i onal

adhesi ve layer 2210 may be included as shown between the pinched 10portions
2209 of tlhwestha®lCdi ng filns 2208. Adhesive | ayer 2210 nay be continuous or

di sconti nuous., | n so enmbodi nent t he. adhesi ve extends fully or
ety Tne i MaS R RS S5 R on bl Figd R Dleluls 02 (S Oad st he
cover porgy ORaxidfim Spatkdien SH] BhWeMGhE bbVE® pdrldBs 2067 e kKSR Michsapguct or s
2206a, 2206b. The adhesive layer 2210 may be di sposed on the cover portion

22075 of taeindivie] s¢pargtion, Idem b2po@ngheicoray pesioand2(Tueflthe gricldBgfmisaR20§, from

t he pinched portion 2209.0of .the shiel di.ng film 22 n-.pne, sj de a
conduct ortaatTniR SFEBREY ot MRS B IChHEER e Tl OR 208" BF ShRlAG fitrsi ng
film2208208. tiheond febodimdetsod;/ID heleRGUCLObr &S thdr 04ia In xhkdb. The
shielding films 2208 can be characterized by a radius of curvature, R,
across a SRRedHNTs.wdyd saptagersba).3hd/ or by a radius of curvature, ri, of

Che Lo ngg A 38, A0 LS00 L AT el o

curvature, 0 e concentric portion
I n the t rponsertsi2209 o€ ticohicRRBG {22080 anthictive mypo22lidanayld enoihudiseorshi el di ng

film2208,. b dt id dyal t it] bet, h
concent 1 IGBBIRTR. SOPICHm RHBmEHS dhe R AHeR SRR REPBTIAGH B Bor t i on
2209 Of gl gh dwngof inh 320802 e, RALEANSE LR pBRIchi 207 2882 loidifle

shielding film2208 exten roma first transition point 2221,

the infl ddms@20pendithconsuldied eindettdisrdP0ba | 2208R08handhaveve kayct B21kmdy b t he
cepar at | dfpattbherne o i L SRR a8 2RE R mesreteuBat on, a1,
of the piached M tHcischedPdrthn 200 LeHRAIMIREdIh 2209 bn 0B04ibe sP4TE
enbodi nents, the cable 2202 includes at |east one shielding filmthat has a
radi us ofconduapertsgr 2204, 22{Mbdg sha piacheiddrortiarf 2200 ef dathecldina filin 2288 on dlzest
about 50 0 - e%rsPc{g%[f &l Sconductor set 2204a, 2204b.
The shielding films 2208 can be characterized by a radius of curvature, R, across a
width of the cable 2202 and/or by a radius of curvature, r;, of the transition portion 2212
20 of the shielding film and/or by a radius of curvature, r,, of the concentric portion 2211 of
the shielding film.
In the transition region 2236, the transition portion 2212 of the shielding film 2208
can be arranged to provide a gradual transition between the concentric portion 2211 of the
shielding film 2208 and the pinched portion 2209 of the shielding film 2208. The
25 transition portion 2212 of the shielding film 2208 extends from a first transition point
2221, which is the inflection point of the shielding film 2208 and marks the end of the
concentric portion 2211, to a second transition point 2222 where the separation between
the shielding films exceeds the minimum separation, d;, of the pinched portions 2209 by a
predetermined factor.
30 In some embodiments, the cable 2202 includes at least one shielding film that has a

radius of curvature, R, across the width of the cable that is at least about 50 micrometers
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WO 2012/ 030367PCT/ US2010/ 060640 and/ or the m nimum radi us of curvature, ri,
of the transition portion 2212 of the shielding film 2202 is at |east about
50 m cr orDerr/0303s7sone enbodi nents, the ratio of the nPairmsaowacious of
curvature of the concentric portion to the m ninmumradi us of curvature of
the transition portion, r2/ri is in a range of 2 to 15. 5Fig. 15b is a
cross sectional view of a shielded electrical cable 2302 that includes two
conductor sets 2204 spaced apart from each other across a width of the

cabl e 230aqanehkhafdaahoBBLLVELAZL ] ¥ Bl A6sidod FOALA 2912 Lo CRBLE:2302.
Each conductor set 2304 i1 ncludes one Insul ated conductor 2306, and two

shi el di ndilfi 2202 12 808asti rlsgo € dnicwnuppe s int ensi aesdohernthehcambbef #802. In
transverse. cross sectjion, the _.cover rtlons iS 7 of .the 10shielding filns
2308 i n CBROTHETPERS SLBEFAUNE oL IS, S LGt RITERLS St "ABRII B D806 of
conduct orofSd fardRh poitich, gﬂﬁf@glnraergh%ébf@t%ny the cable 2302. In pinched
regi ons 2318 of the cabl e 2302 th sides of the conductor sets 2304,

t he 3hi el di ng Higl b 12308s$ protignRd vangﬁ@@ln@ldﬁd tleeisica3pble 2802 dhit &lctiskgs

el ectrical cahle, 230 nche Qrtions 9. of shieldin f|| and
Tnoul at ed "G S0 2288 VELSE pBAL bp AT SR Rl Qg kTR
when the eﬁc&iﬁhﬁlga@@%tddﬁlaﬂp afongladB@ith anthe@ublenB02. dEﬁbhaddhdﬂ@&n@mBMThe cover

portions 2307 of e shielding films 2308 and/or_the &inched portions 2309
of the cdbfledeame lw@t@o@ﬁnﬂgﬁ%@%a@ @tqshﬂ%mgﬁlmgaﬁ dispased epRBERRStSr set s

2304 fro of Fig.
T5b. ¢ he SSRrbB4REe 2302, In tribvirse UB AL e [OURr FEASE, SRFTAAR O )
bet Ween tslh&ldmgﬁtmpmﬂ& iaremdadhonkulishtisty eirﬁbulng tlid insHat2d 08nRQ&MA386 M ni num
separatio , bet n the pinched portions f t he el din | s
2308. In Fﬂséa'imﬁgﬂwa Vepreion qfﬁ%ﬁ‘ncaé 030 0n piagke 4Wgwn®9i§

An opt | Ortf”ﬁth@éHB?&m b2Y&h é?d%g-gf fﬁ%%oﬁ&c‘t&%ﬂé%% Qﬁé Mlﬁ@lﬁmg‘fﬁnﬂ'zﬁﬁﬁ‘ed

portions 2309 of the shielding f hesi ve 10 may be
cont i nuousclode mmslmdrnqrmrmds‘iw I In émﬁrféectfrtb@dcafmbls 230hepuaxlihépom@n$ &w 0f2310

tends f 2314 of th bl e, ,
bt voon hisdpe BRI Panly e et R FeurRbe e sdoet i Tande © O
i nsys at eqﬂ@&rwlmttﬁé 8alAS 0802 ifhea ?mh@fsan%rlu@y&ae §%¥nthTh€ IC§@@?§%&1&I@ t he

cover portions 2307 of the shielding filns 2308 an ¥ ext end

partiall ﬁwﬂ@ﬁtherﬁéleédmgﬁéns P8 andros tlzesmgcmi ptoweon§r2i3@?d ﬁ)goabllef%ﬁUQW8 on one
side of a o ndu et t he nch 44,818 9. of the shielding
i s 2308 RS YeRBH g RO BE NG RE huB Ry

As 111ustrated n the cross section of Fig. 15b, the cable 2302 can be characterized
by a maximum separation, D, between the cover portions 2307 of the shielding films 2308
20 and a minimum separation, d;, between the pinched portions 2309 of the shielding films
2308. In some embodiments, d;/D is less than 0.25, or less than 0.1.
An optional adhesive layer 2310 may be included between the pinched portions
2309 of the shielding films 2308. Adhesive layer 2310 may be continuous or
discontinuous. In some embodiments, the adhesive layer 2310 extends fully or partially in
25 the cover region 2314 of the cable, e.g., between the cover portion 2307 of the shielding
films 2308 and the insulated conductors 2306. The adhesive layer 2310 may be disposed
on the cover portions 2307 of the shielding films 2308 and may extend fully or partially
from the pinched portions 2309 of the shielding films 2308 on one side of a conductor set
2304 to the pinched portions 2309 of the shielding films 2308 on the other side of the
30 conductor set 2304.
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WO 2012/ 030367PCT/ US2010/ 060640 The shielding filns 2308 can be
characterized by a radius of curvature, R across a wdth of the cable 2302
and/ or bywe 2nizi3maém r adi us of curvature, rl, in the tramgirttiseonoporsté on 2312
of the shielding film 2308 and/or by a m ni numradi us of curvature, r2, of
t he concentric portion 2311 of the shielding film2308. In the transition
regi ons 2236 of 5 the cable 2302, transition portions 2312 of the shielding
films 2302 can be configured to provide a gradual transition between the
concent 1 c_porfiicafiIdad il 2301 BehguBrifdd w: AAAR RRLRS X NeRedy
portions 2309 of the shielding filns 2308. tran5|t|on porti'on 2312 of

t he shi elwidtigofith¢ pat2SRH 2exdéndy afmrmnmamfradlss of B inte; nnlnpthc tran@R1, whi ch

concont r iHoratt {19 dtsoicdoin T B8 shySp el b i VO S4D3 UGS L he

separ at i Qfc BscuREiR bﬂﬁ)nsiyﬁ'o@lt}{&hfdldhﬁg fifd23hs. hee maﬂglﬁb&megﬁ)@@am@ﬂ di,
of the pinched ortlons 2309 or exceeds dl by a predeterm ned factor, e.g.

a fattor thé cahod021 transiongpaytionsi2H 2 of the shielding filrge A302e¢Andrsi qmﬁglsfed the
radi us of_curyvatur ding.f.ilmacr t he cabl e
o at 1 bR s PSSR P bRATR AR, S e

ers an nm r UrVat ur e
15in the zsloaraﬁd the(}ﬁnmﬂq)bmbn@fzmm@ftﬁbslabmlnﬂgjﬁlf:nslmssTﬁé tra@dSdén Séttion
m cronet er 15¢c shows, in cross section, a shielded electrica

cablh e 2;102231@wéthenﬁ&lﬁaéﬁlm\%ﬂ%@ﬁ@mfmmgé@ t@ag&aﬂ Pon2$2 s phiechds Hisar t | }‘rom
o ong a ToABFEAGRiR ot dicRlinh BEn 5308 il MR AT AERUI 121 Lles

t wol0 nsul23iegoaasdarct teansitidd pomt 232D here Thoscphitaabalbetgycbn Hrmhik(&ﬂﬂ@ 8ams 2408b

are di sposed on o p05|te si des of the c bIe 2402 trans se Cross
sect i on, 3@ PRPBRS PO 1SRG cdinegiqns @é& OUBEES 3 0B8R in

conbi nat i éuetéﬂi@ﬁédafa&tbal clg), SHELPUNEhPRIUFLOEySeY s 24043, 2404b [n a cover
regi on 2414 of the cabl'e 2402 n pinched regions 2418 of the cable 2402 on

bot h si des of lhlsemcembodinmntss étesra@wdﬁqurﬁatﬁl&bR ofhthe alppkeimgﬁnlm doomirthe
shieldin 408b . i nched ort ons 25

hi ol ded TN e e oot i BT Br or BR R Bam R RS B PIT
24085 and ih Mg aisRdn GRREBHCI AR S sHEAE ,ﬁlﬁﬂﬁ)@ble@srteoaﬁle@ﬂgﬁ&s generally in

di fferent planes when the cable 2402 is in a planar and/or unfol ded
arr angerrent CEI@ Iof shones,gh p@smewgom,ual &mlmwtﬁl@l seiie 2402 that ingluflessivo The

porjti on Lf:fgdu ortsﬁ%%4ﬁg#,l ?ﬂ%ﬁpace rl[ﬁrl)r%l 2\ lemlc%gs()ssalbwfdﬂl tfhtﬁ gﬁl nched

region 2 e Ca I'S r erre O erern as a pl nc pOI’tIOI’]

2409, evexahadghichdiag ngiudinblly fofg a MagOUGL tBE cqPl@p402d eBachtbducar sthe
shiel ding film2408b In the WO 2012/036367PCT/ US2010/ 060640 pinched region
2418. Ve H0n2404b inclydes pwo insplgted condwiers 320¢mRdfete T weskickiingilingn, t he

corseL okl Soash ST oA B UG ML 8o 1,
pi nched poctiononsve? $68ionk 2401Eoﬁjthb kleclddXilms 2408a, 2408b, in combination,
substantially surround conductor sets 2404a, 2404b in a cover region 2414 of the cable
2402. In pinched regions 2418 of the cable 2402 on both sides of the conductor sets
2404a, 2404b, the upper and lower shielding films 2408a, 2408b include pinched portions
25 2409.

In shielded electrical cable 2402, pinched portions 2409 of shielding films 2408
and insulated conductors 2406a, 2406b are arranged generally in different planes when the
cable 2402 is in a planar and/or unfolded arrangement. One of the shielding films 2408b
is substantially flat. The portion of the substantially flat shielding film 2408b in the

30 pinched region 2418 of the cable 2402 is referred to herein as a pinched portion 2409,

even though there is little or no out of plane deviation of the shielding film 2408b in the
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5bet ween conductor sets 2404a, 2404b are configured to electrically isolate
t he conductor sets 2404a, 2404b from each other. Wen arranged in a

gener al | ywpl2arean3p3eanf ol ded arrangenent, as illustrated POTRiISQ1006@40t he
hi gh frequency electrical isolation of the first insulated conductor 2406a
in the first conductor set 2404a relative to the second insul ated conductor
2406b in the first conductor set 2404a is substantially |less than the high
10f requency el ectrical isolation of either conductor 2406a, 2406b of the

first co et Z@ﬁO%héﬁih%tchMQ 21462 Fs' ih Qgﬂan%f’&d&l%%d gé‘iﬁﬁﬁratﬁﬁoﬁl‘é of the

second conduct or” set 2404b, previ ously di scussed i 1 Tustrated
in the crooaeemﬂldntr@mmﬁmgulﬁmd plhehedaléllé p24ds oéxhlﬁélngtfdmam%bmz@d by a
naxinun1seg§r%%? Dh bet ween the cover portions 2407 of the shielding
filns 1524084183¥$8BANY- i ni num separation, d2, between the cover portions

2407 of the Shrﬂ%k%kz&%érhéﬂ@z@#%@/or%%tbhe@ Qﬂ@n@lﬂ%@@aﬂ% #4gon, di,
bet ween the pinched portions 2409 of the shleldlng films 2408a, 2408b. In

soned enbdutwiesntoonditgryefs240da.2404b areocops gursd t¢ elggtnt:ﬂébhlsolatp the norsiupr@r
enbodi nment reater han 33. An o tional eS|ve 2410 may
oo o s ook 2484, e RoRFiaeh ehif et matGisd s iR 0GR KRRt P

2408a, 24H%A erﬂahee&nnastﬂaaadah 1:2g111@c rmyhi@ﬁ fEQEAIYUDALSri @I isBla8i60BF thaulks. | n
some enbodlnents t he adhesive | ayer 2410 extends fully or partially in the

cover reghatatodiondystor Bd0Gan|te ﬁ@é@nd@ct@r set Béﬂmﬁtwﬁéo thevesonddpyilaeds 2407

of one or, at ed
conductorsﬁg%%gQM0§g§%§Ef$EQbﬂ (%g#%gz%ggggmgﬁﬁgﬁ%ﬁggg4&%Eg%§§gg on the
covel porfreqcuancgrzld]k?ct@cfal mmtmh oﬁbﬂl&r&bﬁcﬁicdiragﬂezﬁmbﬁm oPtho Gast caddRiorand may
extend fuj| partial |l fron1th rt|o 2409 of t hi el di ng
Fil s 2404048 SIEBE 186 breoRsorgHOGS. &ﬁﬁg i sseandsisy %torzﬁﬁbg‘ﬁ’@oa% he

pi nched ggg%b @5 dR4R%.Lf the shielding fllns 2408a, 2408b on the other side
of the conductor set 2404a, 2404b. The transition portions 2412 of
t he curved shiA diustgatéd inrtth@)SasqutimwbﬂEigaliy fdouable2M02 s be¢ clomadbeizeden t he

t t 2411 of the shielding fil t i nched
o L1 ons. A0S PR s PSRRI Y RS HOA POHES AL G T SHERG i Be 2412 of
the;s WO 2484 %@@6@&%&4%&%9&%&@49 b%%@éndh@amfek P&ti@)ﬂ@@ﬁ)ﬁéﬁttﬁ@ﬁlﬁelﬂ{@m a

first transition point 2421a, which'is the inf ion point of th
shi el di ndilfris|24032,3988h.¢nd ageiobnemSeRmatian; On bp@veml tipgmipehegiperteons 3409 of

separat | e shielding films 2408a, 2408b. In some embodiments, d;/D is less than 0.25, or less
than 0.1. In some embodiments, d,/D is greater than 0.33.
An optional adhesive layer 2410 may be disposed between the pinched portions
20 2409 of the shielding films 2408a, 2408b. Adhesive layer 2410 may be continuous or
discontinuous. In some embodiments, the adhesive layer 2410 extends fully or partially in
the cover region 2414 of the cable 2402, ¢.g., between the cover portions 2407 of one or
more of the shielding films 2408a, 2408b and the insulated conductors 2406a, 2406b. The
adhesive layer 2410 may be disposed on the cover portion 2407 of one or more shielding
25 films 2408a, 2408b and may extend fully or partially from the pinched portion 2409 of the
shielding films 2408a, 2408b on one side of a conductor set 2404a, 2404b to the pinched
portions 2409 of the shielding films 2408a, 2408b on the other side of the conductor set
2404a, 2404b.
The transition portions 2412 of the curved shielding film 2408a provide a gradual
30 transition between the concentric portions 2411 of the shielding film 2408a and the
pinched portions 2409 of the shielding film 2408a. The transition portions 2412 of the

43



between the shielding filns is equal to the mnimum separation, dl, of the
pi nched portions 2409, or exceeds dl by a predeterm ned factor. The
transiti omoporxddess7of the Ssubstantially flat shiel di ngPCirluse@808is4@xt ends
froma first transition point 2421b to a second transition point 2422b
where the separation between the shielding filns is equal to the m ninum
separation, dl, of the pinched portions 2409, or exceeds dl by a
predeternined factor. The first transition point 2421b is defined by a line

per pendi gy} 1n§ 911{1 Qﬁﬂ@@é&ﬁﬂtﬂdﬂ Llﬁré(t Itl%hSIﬁglll E&g{ ﬂﬂllfa' WA 408R iNcEBn

intersects t first transition point 2421a 10of the shielding film 2408a.
Curved s h]oattehf pirg shidldm 408 2408 tdxesechiat m:(tsetrqnzp@dnthaa wadicuke sfpactionat ur e,

R, acros of th cable 2402 and/.or a mn adi u f
curvat o by th s aaruieRs Sl Bane Ronhustostolsl: SHAEPIBETT i | m 2408a
and/ or byhoftidHsD409 BricREdS dPhy & Bredafekhied FabtorOfThk M@n&AHE BHHbh ©f BRI i ons
2411 of the shleldlng film In sone enbodi nents, 15the cable 2402 i ncl udes

at |%®ast soh@tarsttﬂlleflf@it &kgelﬂmgrﬁIMSbWatenﬁaﬁom arfémlt m@sﬁfonmm&ﬂalletcaftr oss the
W dth of tehoendct?%m n 1ntb§ ﬁ)[ iler { saebou n t een e %ne n ﬁ aﬂ‘ltm rum
radi us of “€Urva pP S wa Fr NSPL] oﬂ oreron o eg PIIRG it m
that is ahe hﬁaatunampufanw d7 6fftaepineh&d pdrilomaM®oestxdedi il By at he ratl or2/rl
of the mnimumradius of curvature, r2, of the caoncentric portion of the

shi el di ngredatgrminedtaetor Haaist fransitinn noint a2l s dedined by a dine Qeﬂpﬁ%dlw e t i on
portion O[fl ELnﬁtaﬁnh f}l Hétré 1efldj{§%}jhﬁ 2!4 @WEQH%@&E%@ Cﬁeq‘lrg’éransglgg é)o ZEﬁﬂl 16a,

shi el ded ‘el &ctrica cab |nc des pi nc regi on erein
shlﬁbdlngﬁﬁhdﬂndaﬁg8ma0908paced apart by a distance. Spacing apart

shielding fil 25 not _having shiel din il 08 nmake_direct
el ectri cal "rff%?do 55?49111&&'6@344;98%%@6 %h?éwerg%%v ?@ﬁ%&fgwwg Birength of
pi nched ra%EBSQQ w%@d%ftma%l@ﬁmedhg&% %%mﬁﬁ%?édﬂkaé/f'dﬁgva%?r&%aéﬂtﬂee' y thin

and fragile shielding f racture or crack during nanufacturing if
forced tdeWMQn@DﬁEm$2é1bcﬁmﬁ&aﬂdmgﬁbmlﬂﬁbnmﬂhmbusmMnammngwhmmmﬁ seam

Spaci ng apart shie filnms 2508 mt. ct tal k between .adj acent
o mduet or R e b et aaons PR B wiaRir Pl Ok S eg Be A
pot ent i althe ReMUZA020inEILOESHt Mokt dIRBINERg ERALAVY HHAOhAshEra8lu OF Bli€ @ureand
magnetic fields of one conductor set so that they to not 30i npi nge on an

adj acent aste ﬂ@t\’mdths@ftthe Fable et srabladstrabaut 30 misemetewdnilior Fungmnltaa an

effectlve h|e alnst stal.k I s..achikgv Ry
Cbei ot andatHs Sl uR R Hof P Bab SuS s BRBb B BBl i b Bar ol 0.
| ow DC r ex)gicasii@csamn hen@ehbedie@nddythe iatnd ir NGF thé ehisifived didng cfflchmm%i% in

close proximity. For exanple, pinched portlons 2509 of shleldlng filns 2508
may be s Pacd dhageaeently PEes of H&rﬁhspéfaag figm e therminimum rpdins of @reatiiscit¢fon of

pinsied rAghAlid fu e HEkhhAG AR RaAHALEE Gesveen shielding films

In Fig. 16a, shielded electrical cable 2502 includes a pinched region 2518 wherein

shielding films 2508 are spaced apart by a distance. Spacing apart shielding films 2508,
1.e., not having shielding films 2508 make direct electrical contact continuously along their
seam, increases the strength of pinched region 2518. Shielded electrical cables having

25 relatively thin and fragile shielding films may fracture or crack during manufacturing if
forced to make direct electrical contact continuously along their seam. Spacing apart
shielding films 2508 may permit crosstalk between adjacent conductor sets if effective
means are not used to reduce the crosstalk potential. Reducing crosstalk involves
containing the electrical and magnetic fields of one conductor set so that they to not

30 impinge on an adjacent conductor set. In the embodiment illustrated in Fig. 16a, an

effective shield against crosstalk is achieved by providing a low DC resistance between
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50hns, and the resulting crosstal k between adj acent conductor sets nmay be

| ess than about - 25 dB. In sone cases, the pinched region 2518 of the
cabl e 25020hkap/@037ni mum t hi ckness of | ess than about O0PC3/USR10/060640 The
shielding filnms 2508 can be spaced apart by a separation nmedium The
separati on nedi um may include conformabl e adhesive [ ayer 2510. For exanple,
the 10separation nedium may have a dielectric constant of at least 1.5. A
hi gh dielectric constant decreases the inpedance between shielding filns

2508, t hepehyn m%ﬁﬁﬁ?@éds”%i&@D@ &&%ﬁah&@éan‘b%%%%b?ﬂb%@%%ﬁﬁ@s’iﬁ&& he

crosstal k between adj acent conductor sets. Shield 2508 make
di rect elfduterISﬁ&Im domlaomnwtyc Eoea(ammﬂ iperchedpartiohe2&09 (Ifrshlelcbngﬁlwiﬂs

i nched re ion 25 h|eI 2508 rced t ether in
Pl oot ed TOLG BRG we P Rasthitbabph TR AR & B tesh Rro R A fegify e
2510 is rpdycesk ﬂeﬁhlﬁﬂ?D@eﬂeﬁQﬁaﬁ& B 8dnl sqaibidmg@mrﬁs D508 My BHIRS HaRAbbit! 13
together in selected Tocations may be acconplished, for exanple, with a

pat t Br nedhmsorndhikiresyltingtosessialk eatiweg fnharpenbmnéu@mb@ﬁm@ﬂb@ Fisethah wbouti-| ms
2508 in the ocations. Thes ocatl rned .| ongi tudinally or
G5 3ol S el AL RERUL AR, IR R AR b il

transverseély. eparatlon Ium ma rically

conduct i whickmesg @enradihan dbdigot13ahect ri cal cont act betmeen shielding filns
2508. In <u£, 16b, shiel ded el ectrical cable 2602 includes a pinched
regi on 2618 i neicudickdnaligp %ﬁﬂf‘@@r‘i’éé@%‘@ﬁiaﬂﬂibéﬁ@%@mfﬁ iy@erbshi el di ng

films 26‘%%%%%0 %%&‘1’[19{(199%; ﬁl&ﬁﬂg céni‘oﬁﬂ&%l@a&’ﬁ sfsJ%‘? Jts (ﬂ’?e%alq; R, gound

conduct or ITect el ect Frcal eIdlng
fil b 26Q8paretign meauhmajahavemﬁelzetﬁo cbistare oif 31t lamé 5befk h@erdlélbc&naSs hi el di ng
films 2608. In sone cases, the round g P ucéo g 2 % make dirﬁct or

i ndi rect ©nERtdcerspsce bt Bpedghceperycen shistdi YRethsHOB IRy s 2608
| n at | easleu@neidnfidh Al QoRIMARC ol SOk nARH Adiallif M RISt Shimei,cal
cable 2 may I nclude a conform hesive | ayer 2610 di sposed bet'ween
shi el d| ng'llfnsIZIiﬁS 6@ 8nakedlicond] ¢ qyuead dontact pyidvéade odenin gll¢tastoselpaatamialn of at

| east one.o hi el ding,fi .26 r ound. conduct or 30

oot or s ﬁ%%%ﬂ%ayébfg@é%gwgﬁayub R o i Lot s

al | p3vs greauRd tROMAGERNOF 26413 rh &bl 8RR sH N8 2910 isReiuces tn @E 8GLEbgal cont act
with at | east one WD 2012/ 030367PCT/ US2010/ 060640 of shielding filnms 2608

i n sel ectlpeasionpcEarcmgghe $hﬂ|eldmg~é”ﬂ@at%®hertlhéelgc?t@dnlmat@@mdwlmaczmghmsi

i ncl ude rface.as r| r f.ormable wi.re, ,suc st randed
o E o T EORTIESRE L bR of) BAGRE PRl hffch 295 Be MRS dpieding o S0et or

2612 and fins|2808in GO latatb‘dﬂls am@@cﬁmdﬂm@%auémci Forgitudidelly shi el ded
el ectrical cable 2702 includes a pinched region 2718. A ground. conduct or
2712 di spHSEEHAY-WhemHiagtsgths genaratian medamInyy bﬁaﬁ@@neﬂllryfar@pd@qt@@tw i cal

com@ct Vi by RALL SSl IO adt bbiRech Zﬁ}%ldlng films 2508.

In Fig. 16b, shielded electrical cable 2602 includes a pinched region 2618
including a ground conductor 2612 disposed between shielding films 2608 and extending
along a length of the cable 2602. The ground conductor 2612 may make indirect electrical
contact with both shielding films 2608, ¢.g., a low but non-zero DC resistance between the

25 shielding films 2608. In some cases, the ground conductor 2612 may make direct or
indirect electrical contact with at least one of the shielding films 2608 in at least one
location of pinched region 2618. The shielded electrical cable 2602 may include a
conformable adhesive layer 2610 disposed between shielding films 2608 and configured to
provide controlled separation of at least one of shielding films 2608 and ground conductor

30 2612. The conformable adhesive layer 2610 may have a non-uniform thickness that

allows ground conductor 2612 to make direct or indirect electrical contact with at least one
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In Fig. 16d, shielded electrical cable 2802 includes a pinched region 2818
wherein shielding filns 2808 nmake direct electrical contact with each other
by any suwoOabia3mwans, 10such as, e.g., conductive el emeat/iR3eH/06(Ganduct i ve
el ement 2844 may include a conductive plated via or channel, a conductive
filled via or channel, or a conductive adhesive, to nane a few In Fig.

16e, shielded electrical cable 2902 includes a pinched region 2918 that has
an opening 2936 in at |east one |location of the pinched region 2918. In

ot her worgdSpicieRi ﬂﬁﬂeﬁkﬂ%qﬂ!sﬁgctg}%l Aisnd! RGO YU e %ﬂ'cﬂﬂd&%ﬁ@6@y
include a hole, a perforation, ﬁ , and any ot her SUItab enent .

Openi ng ZﬁaﬁmpdeBWéamawpﬂEQSDrsdﬂbﬂhdﬂehm@fmphysumalagamaaQVM@mp whi ch
contributes .to .the el ctrl i SO i on erfornan e of nched regi on 2918
ond | nor andut® e afelSd dRy s BB o Ry B SR aTeR ekt Re8 cable
2902. Thkgsﬁﬁgﬁggﬁhﬁﬂmﬂmy be di sconti nuous al ong the | engt h of pinched
regi on 2918, and may be 20discontinuous across the wi dth of pinched region
2918 | rinfHigy.16¢.ahicldad ed¢adiaehl e#ttéeﬁﬂ??clallcluglam ElnslmizrengZGa&\sAa pi nched
regi on 3018 s{...one, of shi includes . a, br a

3038 in aﬁ“"l‘ﬁga}s"%ﬁ%&%r %@ca 1PGRh) ‘?et‘ﬁ?eﬁlc% J dmggf %ﬁ?ﬁ PG IREr i

| east on&ogﬁcs@ugbdmnguﬂmh hﬁ@@ﬂnys di sconti nuous. Break 3038 nay |nclude
a hole, a perforatlon and any other suitable elenment. Break 3038
25provi des at Indigtl éoﬁh@ld@ﬁé@ct@wlﬁh‘g}@ﬂ&% inglday apinshed waToBR8AB NIt es t o

the el e“s%he‘f&if%hﬁﬂi ?éq | e%lpeb&fe%{ &@&f‘é‘al%}im Emﬂﬁ?acﬁl%e?%p%gg 1]11%3%{6%%63?65

at | east tera 'ty o ded electrica Thi s
sep#) at i onchray clpe cdhdwoint clueus2844. Condudisio uknaho284t they inehg'ela of pinched
region, and may b scontj nuous acy 0ss e, width of the pinched portion
3018. 30|9ﬁ>n¢iw§%e fﬁ@é@d YA OB FRAECl f SRRGUCH S ﬁﬁ%ﬁowé 08 £nFh of 1) “é‘(“bfi nched
regi on 3LL8.4hato hanPh @GeW se planar in a folded configuration. All other
t hi ngs being equal , a piecewi se planar WD 2012/ 030367PCT/ US2010/ 060640
pi nched regi ornliag 1acgheddaerclettesd calda29imcludena pinaedacgioaddi8 gianbired

regi on havin me projected w dt |.f .the sur a_ of pi nched
oot on i anrening 2e36 HFeceah S BCemary woel i haS BRI EPERRSorf e 5108,
the;C rags h&%ém@%oﬂ 391856 HRBsAthuh. @};ehﬂﬂgrzgse%latyhﬁclﬁa@@ﬁ&b Caperfor@c hon

per formance of pi nched region 3 I n one enbodi nent, a DC 5resistance

of | ess tsh&ring anpothor ghigbleredenunt SOpaningRPoairedtes at dasi soorcievdef physieshe

actual wGPHERE MO LhSR Al RSB BB B R R ot
pi nc hEd r®g8and Skidhséssat peast the Mdteral flexibility of shielded electrical cable 2902. This
separation may be discontinuous along the length of pinched region 2918, and may be
20 discontinuous across the width of pinched region 2918.

In Fig. 16f, shielded electrical cable 3002 includes a pinched region 3018 where at
least one of shielding films 3008 includes a break 3038 in at least one location of pinched
region 3018. In other words, at least one of shielding films 3008 is discontinuous. Break
3038 may include a hole, a perforation, a slit, and any other suitable element. Break 3038

25 provides at least some level of physical separation, which contributes to the electrical
isolation performance of pinched region 3018 and increases at least the lateral flexibility
of shielded electrical cable 3002. This separation may be discontinuous or continuous
along the length of pinched region, and may be discontinuous across the width of the
pinched portion 3018.

30 In Fig. 16g, shielded electrical cable 3102 includes a pinched region 3118 that is

piecewise planar in a folded configuration. All other things being equal, a piecewise planar
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and thereby increases at least the lateral flexibility of shielded

el ectrical cable 3102. Pinched region 3118 nmay be piecewi se planar in any
ot her suiweakbe/msaedsi gurati on. 10Fi gures 17a-17b, il ust rParasdenasicso
pertaining to a pinched region during the manufacture of an exenplary

shi el ded el ectrical cable. Shielded electrical cable 3202 includes two
shielding filns 3208 and i ncludes a pinched region 3218 (wherein Fig. 17b)
is made wherein shielding filns 3208 may be substantially parallel.

Shi el di ngaélfl%hleg‘?egggrpﬁasi L 4468 By AP QTS RAAMGh Ay Qaﬁﬁér el b AYPha3ROBR. 2

conduct i ayer- 3208a di sposed on 15non-conducti ve polymeric |ayer 3208b,
and a st opmegyaect8®@8tth difshosethconrdalnd apomiiod tégien iIsayeh g3&08ahanihe

conf or mabl e .adhesi ve .| ayer .32 i i d on stop, | ayer, 3208d. Pi nched

Co0! on 3 opiei o B aEE i Y EIRE it 108, PBIE Redhutk P BS S SR Joa et waen
shi el di ngh§ bleoBicAdQ8atic fe@fortbeceTindd sthagdfrbdibR 31E hne @ehvbassinerpar ound
t he ground conductor, the 20ground conductor 3212 nakes indirect electrical

contact wisisfarasradliess ithea 3 tayldr@ha9o8ultoin gond clohirshlisplgtion. laend208. Thi s

i ndi I ical i |. . I i on,.of
o et bR TR RSB AR SRR A Bl

3208d. | mB@ABmMGPsEsg ratid®Fat REstISaye bnd2@8adirRt, PehchEd teginBid8as pre-bent
non- conducti ve polymeric |ayer. in the figures, an external

As sh
or essur ¢ AnddberengintiEasey af lsayigailatosal fleaiulitysd shialdst Flretricalibls H988a t oget her
oo et o PARUIITBRS AP RL Koo BXEDBndifindal SySERLIAKM AR RN LS of oo

| eas@ under t Hégwast7$iHsdbsimg deaidiptitansg to b pprohve rdgtondduregtthel ect ri cal
contact between th round conductor 321 nd canductive. |a 8a of
shi el di ngn%rﬁ'?wrg@ 8 e{b‘?ﬁlﬂa‘&rﬁh _ b eblel SEERFS SEEsH b 3R

thi cknessyangksdivelstfidihg iR OPRIS n8Snhd S i@i?:?z?ll%e(q/h@&){n 1% ?%fﬁ ed

. taga%éh%?(%%
to achieve a low target DC resistance, i.e., electrical contact “of an
i ndi r ect i ypde wharesoshecldmgddingBR08 may he sulistantielle parsticlc SDEldies fidnad2es

setveen il S £CT L OS0RTECTIRROTOLORONS condipl s and e
but 1 gr eatiRh-dodict e B Bncricda®e BROYE ah @ s@PIhy@ 3208 W iisFsskd 6h €6d dondadtive
contact. In sone cases, it is desirable to nake direct electrical contact
bet ween dayfirda88ayroeadorabtiasthesivaligendd 09 dispesed lonetagi layer 8208, Piwbleadeupon
the DCr er%gigi%;[l %QWin%ﬁ}d\é\?g Ponsgﬁﬁginal ground conductor 3212 disposed between shielding
films 3208.
After the shielding films are forced together around the ground conductor, the
20 ground conductor 3212 makes indirect electrical contact with conductive layers 3208a of
the 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 some cases, the stop layer 3208d may be or include a non-conductive polymeric
layer. As shown in the figures, an external pressure (see Fig. 17a) is used to press
25 conductive layers 3208a together and force conformable adhesive layers 3210 to conform
around the ground conductor the (Fig. 17b). Because stop layer 3208d does not conform
at least under the same processing conditions, it prevents direct electrical contact between
the ground conductor 3212 and conductive layer 3208a of shiclding films 3208, but
achieves indirect electrical contact. The thickness and dielectric properties of stop layer

30 3208d may be selected to achieve a low target DC resistance, i.¢., electrical contact of an

indirect type. In some embodiments, the characteristic DC resistance between the ground
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5ground conductor and such shielding film's) may be substantially O ohns.
Fig. 18 shows a fol ded shiel ded cable 3302. Shiel ded cable 3302 includes
two shi elwOrg12i3b3sg 3308 di sposed around spaced apart centasSzaw/osetes 3304.
Shielding filnms 3308 are di sposed on opposite sides of the cable 3302 and

i ncl ude pinched regions 3318 on each side of the conductor sets 3304. The
pi nched regions 3318 are configured to be 10l aterally bent at an angle a of
at least 30. This lateral flexibility of pinched regions 3318 enabl es

shi el ded &gk a&ﬁ'th&?&?él& i thy béickohmdedo! 'on@rBf 18N It A0S S’hrﬁﬁ%ﬂ gur ati on,

such as, e.g., a confi uraglon that can be used in a round see,
e.g. Fi gxahly) butl grea:jﬂethanﬁ obinsentachitheths degtedi 1m@re‘ct tlestrisd0®ntaati Ing

relatively thin indivyid i ncreas ateral flexibility of

i nohed: UGG o e ig Y il EleF AR Geniy: b Ehbs PRl ual 55
layers i noR@didibCdhli@dhe WREGS slﬁ@lﬂﬁigﬁﬂnﬁ%ﬂé&h&ﬁ&he DIC feSisRh&d sthvesh bt the
bonds between themremain intact. For exanple, for pinched regi ons 3318 may

haved a migipndwondicrivesssueh shielding fiags)abailte ibs@niietly Gelma bond st rengt h
bet ween i ndi vigdu I e 1 6 b af.ter therma
exposures durﬁﬂ%abro ék e%?nc@g@cﬂﬂe%ﬁ% aspg§%£Cd4 ﬁﬁhﬁ%%é?lCl8| to the

el ectri cahigiéng armaBa0s @ﬁpo@e@ﬂb@h@qﬁc@d ot dopdbctaOeatBd 4! Shiddigg Almgehed
regions to have approximately the same size and shape on both S|des of a

conduct or3388are disRosed pARPQSHA P dehalthe sable 33%bedinelade H*é‘9h¢t§1rféalﬁé%33%al ances
in Capac'Jnae%ﬁsﬁQGf{lﬁ%‘dﬁ&@c@%eseﬁlﬁgg ﬁ EplnEAY 1%Ls B%“@ B?cé‘ﬁﬁ@r '0”
This in turn nmay cause | npedance Bhces af ong e l[engt

pi nthed rlegrablly banihtianpeglamoe ait hﬂaal3a)ﬁcé“hlsbet'emdaﬁaxmdltﬁoépnhclmalndglohom158et s. At
| east for these .r ons rql th paci ng en 25t he shi. el di ng

fil s nafne,@eﬂag?lﬁgﬁelewﬁ%l&ﬁ@ éé@ggo b5 fouk .lﬂemééw&% GogfigugflonpEck sy e| di ng
films indne Blirclemioh el eR#bOksHNR atalflereaBlE QOL B oSirdes 0. Iﬁloﬁél)ndUCt or set

are spaced apart wthin about O. nm of each 19,
shi el ded etediméng athe slabldmg;ﬁﬂm 33|68 lhadies rd:lasmverby)tiniumtdond@éﬂas'e@dﬁd@aseadh

i ncl udi ng two . | t duct 4 |1y shi fil
sho5-di o JBEEn soni phSer RR e pRs S i ud IR ERE R retosh gl |
conggict orawes ; I?aél@éluar%mu@d stnamgfcohdbiond @8s bredritdan i i€ belispRivdeaNigens4 18.
Pinched portions 3418 are p05|t|oned at or near an

WO
2012/ 03036MPOTNES2 cfm#@aomof%ag@hﬁ regioing BYLHmey beva 4 malmmabﬂheckam@f are
conflgurqd el.e qlaye ctor r nal

envi ronmes tRein aboq b, '1§ al{l'lé&} ' & rolnga r&%@ﬁetwgﬁ% BldthSldu?ﬁ (fi: ayers F S ieast

Hi el déc I'hc portions 3418 of
shi el di ngy/fnind (rlslbaﬁféﬁ)@ﬂ&dtheiﬁul @t@éux@@ﬂﬁmfgtlﬁb&s&ﬁ@@ragee arranged general ly

in a single plane. 5In Fig. 20a, shielded electrical cable 3502 includes a
pi nched r egi o984 8Shskle ,‘Lté;; heneﬁmal to the electrical performance of a shielded electrical
20 cable for the pinched regions to have 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 pinched region and impedance imbalances
between adjacent conductor sets. At least for these reasons, control of the spacing between
25 the shielding films may be desired. In some cases, the pinched portions of the shielding
films in the pinched regions of the cable on both sides of a conductor set are spaced apart
within about 0.05 mm of each other.
In Fig. 19, shielded electrical cable 3402 includes two conductor sets 3404, cach
including two insulated conductors 3406, and two generally shielding films 3408 disposed
30 on opposite sides of the electrical cable 3402 around conductor sets 3404. Shielding films

3408 include pinched portions 3418. Pinched portions 3418 are positioned at or near an
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pi nched portions 3509 of shielding filns 3508 are spaced apart. Pinched
region 3518 is simlar to pinched region 2518 descri bed above and

il lustratwo 20re/Bd3p7 16a. Whereas pinched regi on 2518 i sPpDAiISRé10M06@46 N

bet ween conductor sets, pinched region 3518 is positioned at or near an
edge of shielded electrical cable 3502. 10ln Fig. 20b, shielded electrical
cabl e 3602 includes a pinched region 3618 that includes a | ongitudinal
ground conductor 3612 di sposed between shielding films 3608. Pinched region
3618 ' S Sé %b%hiél&ecpél@ﬂh@éi h618133072 %@%%nﬂg&%a 't@@lgctﬁpﬁlﬁﬁs@% dohltb Rfsed in
Fig. ereas pinched region 2 posi tioned 1I'n between con uctor
set s, p| rﬁdlﬂé(ﬂrone‘gie@mteﬁﬁamnwmtmm t Itmhmjldaitelwnwéaablamwgmcbéd pirtiehded

electric 6 20 shi el de ectrical cabl 3702

el udes 1PN e medyrb s s e g R P RS A S ishai S GaRaT et Buct or
3712 di spassdphgt.ween shielding films 3708. Pinched region 3718 is sinmlar
to pinched Tegion 2718 descri bed above and illustrated in Fig. 16c. Wereas
pi nched reglodnfﬂigoh§Mmﬁh¢qum@ﬂpﬁﬂbéﬁ%k@nmd@hﬁnm@bml§@©935b$M@h@ﬁlreglon

Py BBl RS eS s o iRieP ARRR B B S e R Rl P b o 56

wher ei n td@ilpi to phetcd BIpidn02 Bl 8ABRRibell abdicedndiingstiatddris F@Qﬁa etkercaN I ect
el ectrical contact with each other by any suitable neans, such as, e.g.
conduct i van@icd figgien %@MS POBHARRSHIN Petvsen sarductg sats miychicd apgior 331 &snduct | ve

plated vi f?lon&i@t’lﬂ ara%eggﬁgﬁ%élﬁgdéleéthgﬁlébﬁﬁm(:hanne' or a conductive

adheS|ve Yo namne a reglon i's simlar to pinched region
252818 descri Hﬁ@l@@@bﬁgh@ﬂidbd dléaﬂﬁtaﬂah‘tﬁd%m Hictpded S dinciercga 3pil8cired regi on

2818 i s posi ed in.b tmee conduct or _set s, |nched regi op, 38 i's

posit i onaBelgesgy lopgiKi ace? it Sobp Alerisebeiean sahfies Bispoloos In
F1 0. 20e.piskilcdldach SRELY m%h 15 Bk Re BA0RAI Bk UCeRibEd IGVENRD iNRELRN iP918
that is plecemnse planar 1n a nfiguration. Pinched region 3918 is
simlar thog. pllﬁbcﬁédr@Qpﬁgh@hregmll&@Sss:posbanheéluob@waﬂdcoﬂdhctst s, @cthched Fi g

16g. Wereas pinhghed re 3118 is 0367PCT/ U 0/ 060640

pos t 1 ondBRELE (BN OUEeE SFtcisedee B FRHAHE egnoN BTIOPE posi ti oned at
or pear an eddg Ff. 296 Bided GEe6ddl caé 37einelud8PLpinched region371&1 9. 20f,
shi el ded el ectrical cable 4002 includes a pi nched regi on 4018 that is

pi ecewi senghdinar longimdmat grodnd evfdugior 371 20dispardd posicen grieldingtfilow 3788+ an

edge of Slhl cﬁleg%l éﬁa ﬂ? r'ﬁlcnt%h]ar(%ab{ncheél 1%%1011 27 8descr1%hdgb de%ag lil?cs]&rrﬁtieﬁ?l cabl e
accor di ng O an aspec esen nvention may I nc e alf east one

| ongi t udimigl16gr Wihatkas pindhied &glon&’HShsﬁ[ﬁisftidhadi uﬁusdtweéxﬁccﬁmtlaaﬂéem pindhed
substantially the sane direction as the ground conductor, and two shiel ding
films di peeed?bhisgopbionedataraed agredgpef i’lé%@ECt@P@c?@P]ﬁéap cable. In

traggverse C“’Iﬁ%é%@& %‘I‘eld%d‘é? S 9615' ffnc r&@s §H91§f1@cﬁe%1%lnl3%1 Whef%‘d{'d the

ground conductor Fricar I'sS configuration,
shi el di ngh¢ pinnhedamﬂtlgtscﬁﬂﬂa of smdmmmlmrwﬂsmgueetcbletm@ﬂ eattadt eathl qach S oI ate

e, LTSS SLLLELT I SRS SOTAUELSE, TR Shard Soyond, afleest, one
films to 3wy ndHiih@BHCa conductive plated via or channel, a conductive filled via or channel, or
a conductive adhesive, to name a few. Pinched region 3818 is similar to pinched region
25 2818 described above and illustrated in Fig. 16d. Whereas pinched region 2818 is
positioned in between conductor sets, pinched region 3818 is positioned at or near an edge
of shielded electrical cable 3802.
In Fig. 20e, shiclded electrical cable 3902 includes a pinched region 3918 that is
piecewise planar in a folded configuration. Pinched region 3918 is similar to pinched

30 region 3118 described above and illustrated in Fig. 16g. Whereas pinched region 3118 is

49



i ndi vi dual contact elenment of any suitable term nation point, such as,
e.g., a contact 15elenent on a printed circuit board or an electrical

cont act oWOani2dl3ewtri cal connector. Beneficially, only &Criuseeiedeosunber of
ground conductors is needed for a cable construction, and can, along with
the shielding filns, conplete an el ectromagnetic encl osure of the
electrical article. The electrical article may include at | east one
conductor that extends along a length of the cable, at |east one conductor

set that &ﬁ?éftﬁﬁgémade%&nacoﬁgu&@g%ﬂp ﬁlcﬁ&ﬁre 2013918 NGl HHiRed nhr 4104,

i nsul ate onductors, a flexi I nt ed Ircuit, or any other suit bI e
el ect ri calf shietdedlekecofcalubdd3M2ect ri cal isolation is desired. Figs. 2la-21b

cont 1 gur at 1 on 0 P 0 SR PRI B A0 0GR B iRl Baes

two spacefieRR¥elp mta@ﬁmicﬁ%uie&mt@atﬂ)ﬁ%ﬁdgbﬁtlo@ata%ﬂn@alr@ﬂgdge bRl dpqof the
cabl e 4102, an electrical article 4140 25positioned between and extendi ng

in s%bsteﬂh@qtrmaﬂyahlhéﬂ@ane d| rection as ground conductors 4112 and two
| n_transverse

shielding fil %Péé Lca CaPPela og@%%gg%n%'spd% PtL%PreSen(t v t1 LAY al |y

Cross section 1'ng

sur round ig¢laddsgt lé&ﬂﬂm&lbﬁgﬁud‘iﬂal Zr@ind coh@tdr @Iatle@tﬁbalcah&lél&;&@ndm in
Electrical article 4140 includes three conductor sets 4104 that are spaced
apart 30a8byayiaflyhqamegtiracan anthe groumd zongueter, ahisiecshénldiggfilms dispessd| udes

t wo subst t 0 h of
the cabt & BTG o Bk SRR Bl LA o SHBN SRR ISR T
i ndio ect fﬁhfscsttbstmaiallgz@mtrantd the gﬂ’oubd)bdmdmhtoeladcﬂﬂ@eﬂedtml 41 fredhid ting in a

| ow but non-.zeroq i eq]‘aag EE ween the nd condu torg 4112 a t he

shi el di ngwﬁgﬁgtlmgﬁe 48 3%‘?9%“’“5 LB AHRLNGBYCE 19 9 eﬁté‘ﬁa ke direct
or indi r%&lat%'ﬂ?&élédtﬁé‘a{l aft M afhe h&%?ﬁla shicgbtdnd et s

%% @Qteﬁétb%%%d
4108 in at |least one location shi e |ng ' ms 4108. I n some cases, an
adhesi ve dndyef th4 shi@ldisg ﬂhmpogedottiemmu cbfehs Bhielld'digrfgnmw agy di@Bleand bonds

t he shiel.di.ng, fjl 4108 to eac on oth s round conductors
w112 ang iaiafub sl i35 ot e PabPL eibl ST i B eotafit gur ed to
proys de cdithédbh aGrmefatidhit®baforah eleeefctal &ﬂl@ac@&fﬁhél@étﬂbél@oﬁﬁéct& 4108 and
ground conductors 4112. In one aspect, this nmeans that adhesive |ayer 4110

has a norBamsfitigHynonkty & kimetsd ntipder off gr@tm;i conductors is needed for a cable

construction, and can, along with the shielding films, complete an electromagnetic
enclosure of the electrical article. The electrical article may include at least one conductor
that extends along a length of the cable, at least one conductor set that extends along a
20 length of the cable including one or more 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.
In Fig. 21a, shiclded electrical cable 4102 includes two spaced apart ground
conductors 4112 that extend along a length of the cable 4102, an electrical article 4140
25 positioned between and extending in substantially the same direction as ground conductors
4112, and two shielding films 4108 disposed on opposite sides of the cable. In transverse
cross section, the shielding films 4108, in combination, substantially surround ground
conductors 4112 and electrical article 4140.
Electrical article 4140 includes three conductor sets 4104 that are spaced apart
30 across a width of the cable 4102. Each conductor set 4104 includes two substantially

insulated conductors 4106 that extend along a length of the cable. Ground conductors
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10ground conductors 4112 to nmake direct or indirect electrical contact with
at |l east one of shielding filns 4108 in selective |ocations. The ground
conduct orw020A3nwy | ncl ude surface asperities or a def @cCEalsk@owsree) such
as, e.g., a stranded wire, to provide this controlled electrical contact
bet ween ground conductors 4112 and at |east one of shielding filnms 4108.
The shielding filns 4108 can be spaced apart by a mninmmspacing in at 15
| east one |l ocation of shielding filns 4108, where ground conductors 4112

have a tml(ih%ﬁéﬁr{lﬂ@hdiiréct e8I conPRPwith Bofh RiTHAYL SRACk reﬁﬁﬁn%ﬁ@a{fp' e, the
I 4108 may h I 25 mm

shielding fi ave a thickness of |ess than about O.

In Fig. 28y tshhei-ded impetince betvecatheeraidtZondadtord dd12 wod thp abietilimgfints gr ound
conduct or 2 that extend, al ong a th of the cable. 4202, an. electrical
it o e D98 56gu8 erSnuaubroano Rt TaT Bk et Sb SR eRaT! Che same

di recti orpopfcOW AN B0 cERBHY 6F PbShitkildy iR 110890 SNt ShO chiibdf héd@ngi sposed
on opposite sides of the cable 4202. In transverse cross section, fThe

shi e di ndilmis|4i88. Innome wiicnzan ashesivulozerdiilDas digpasad betwedn greshmidivgidost or s
4212 and glectrica [t.cle 40. ielded..electrical cable 4202 is simlar
n some. a8 aby LSRG B iyl it PRI AR 30y 85 bl Bles T Bkt Bvistort

i |1 ustratgd2iand Elegtricallaticl2 414 eAdiasivicNayohidel 6lesh 18 asfigiedlo panide 4102,

el ectrical article 4140 includes three conductor sets 4104 each i ncl udi ng

two substeantrphed sepparian peat leashepa efchisading Ain AtSpnd ik ondudandl12n
shiel ded gl a¢ E%ﬂe?ﬁlt:}}ig gll%la?s tﬁ%toa%heﬁ%e@géﬂ 30 ndt b hﬁﬁﬁ&%&’mﬁ&&%k&dﬁ% Aol ex1 bl e

printed circui ng three conductor se exenpl ary
enbodli nengreurdendudied 44b2 wemakhéirshoeindadctel@aical caltact atitheat idasi andes 30t wo

shielding, fil.ns_di sposed on opposite sjides of the cabl uch that, in
transver ;s@éleéc%leg éﬂ%gf%dﬁ,Seleete»@rlo%&opﬁ-o_ﬁge gouRdEonE @Rt H3 Y Wglugh
combi nat | A SURBLANS! i bl e bRUA. Sud 400, Ya-AQEANARDROIRCHHC 010/ 060640

conductor set, and surround each of the $p apart conductor sets
i ndi vi dualohiroll¢delsutnenl enitadibebntes, grivodevedyctornd 18wl ddeaseberefrsheddingabl e

t i.el di i whi ch j i d | id f
The cobi diadliby, SBSeRaatund by b raced S R S R o r T 3 he
shi g4 ded 1gabbgs IocaTmRASRHicldnS Nirg! 408, GABleSolRMoRGudtdR 43102 Bhwl NBidRhEdsNS,
i nclude a decrease in material cost and an i ncrease in nechani cal

f1 exi bi | ithst,is gigatef then theamininum spapids.e Berecxempds, thophiaiding fidms 410H may have. A

singl e Shait%icﬂi %%/I f 'ielsm %%bgﬁt%vdﬁem%n acceptabl e | evel of el ectromagnetic
i nterference F of |sgﬁat|on for a given application, and may reduce the

proxi mty effaatFig 2er ehydelbseaasilngbisidgo2incaldes tu@ipaodd afartdtbendl 3
illustrates one exanPIe of such a shielded electrical cable that includes

|
only one cPodiiters g2 hythet exiend along a leggthegfdlgicabledd 2 enelcetsisilarude 4240

il trated.i i i -t t: d
e SRR bR R SRR A0 R Rl s n @

i nsul at edi2d@nxhdatvorsh#Bitg filmat 4208t Espdscddroogporitd edgt of thé cabiied202blle 4302.
| nsul at ed conductors 4306 agﬁfiiragred. ene alL% iqoa siﬁgle(gﬁrne and
ef f ect i velAPSYFGLTREARFUAN. thophiclding ?’gng%iP BAQh aybstanta e syEdgdigiounds ngl e
ended ci rgHiict&s U2 MENEALetribARME 14884, SRRl ddd R cRiACHRT: 48R i9GSnih34B. I n the

pi nched regions 4318, the shielding film4308 includes pinched portions
4309 ext eatiengspectono Hotlded eldegsicdfcablacii 02 deastubtdaboyetand 80stratefd me hed2tagi ons

E, om0, P S0 BBl S PR B e 4 0
conduct orseef1 04 3&4 inEl@gihg two substantially parallel longitudinal insulated conductors 4106,
in shielded electrical cable 4202, electrical article 4240 includes a flexible printed circuit
including three conductor sets 4242.
In exemplary embodiments described above, the shielded electrical cable includes
30 two shielding films disposed on opposite sides of the cable such that, in transverse cross

section, cover portions of the shielding films in combination substantially surround a given
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20cover portion 4307 includes a concentric portion 4311 substantially
concentric with correspondi ng conductor 4306. Shielding film 4308 includes
a conductwoeoi2ape’s74308a and a non-conductive pol ynmeri c PCagse014860@o The
conductive | ayer 4308a faces the insulated conductors 4306. The cable 4302
may optionally include an non-conductive carrier film4346. Carrier film
4346 i ncl udes pinched portions 4346" that extend from 25both sides of each
conductor set 4304 and opposite pinched portions 4309 of the shielding film

4308. The Gaidibkt, hhd B nﬁﬁl@ éa&?!)f’tﬂ@% a{c@@ a 2V &ndebt k&@ﬁldﬁgﬁﬁlll%e% fome

partially covering a conductor set opposite cover portion 4307 of
shleldlngmﬂxhnndﬁﬂSmWEa@hﬂmohekmﬂ@kmhunla&%&mayn@ﬁmﬂ@mhanmnmcémngﬁbnportion
4346' subst. n ntrlc W ndi n onduct or 4306. Carrier

£ 1 m 4346V HEY 1S G0 ol Sigblob s SRl R AR RS b S oot | mot

limted tsqalenmh ﬁﬁh% the@ﬁieYdemcgsle RPhphedd dehicldcdablROhWigt fvif J;Hiélﬂﬁhgt hyl ene,
pol ypropyl ene, E@Iyet hyl ene, polyphenylene sul fide, polyethylene

20127 osoa“dmscm/c Q@ﬂ@¢r@@@6mmaﬁaq@ht:¢séa@d an 1nptﬂa§fcmrrbmhameal flﬂxllblh‘tme r ubber
ethyl ene i ctu nglllg ea{sﬁga gtrrll’g)pﬁ %gt &t har%loh gle éﬁle@é In§RRSS

natural ru EPOXI e ad es |ern?7ln14346

may i ncl qﬁi@vla@en @éceﬁﬁb& Tladdir elwmmag&%ﬁc 11‘ft¢rfdr@fc% (EMIpisortioe f@raopedd | es
suitable for the intended application. Carrier film 4346 nay be used to

conpl et e dpRlition) amldBgEIcdyes Be PEwWily cHEctdbqrabydrsncasing sigmal dttgnpsfion. _
maCham cgl %%%qs il Rlong Qbﬁeﬂgggglcﬁ%tsﬁﬁe? d e(f@clﬁllc%l 302 thaRRLRIIEL ?rgyté)ﬂle Fi g.

shi el'd rlcal I's sim I'n sonme respects el ded
eIeUIrlcaﬁxﬁﬁbgﬁhﬂSOZ descri bed above and |IIustrated in Fig. 23. \Wereas

shi el ded el ectri.cal K cabl.e 4302 inc des canductor. sets 4304 each including
a single 10in ielflestelelrighl callp 42@% UG B @R eleEREHNORBId APAT?

I ncl udes &ARAUGERI B@h%n&ﬂ@ Ié@ieléfiﬂ%ﬁl&‘ﬁ@ﬂs nE%l?éo%ﬁu&BP&‘t‘%M cAd8, The

i nsul ated conductors 4406 arranged generally in a single plane and
ef f ecti velingl¢ insalated/icnad(dcmr 4696 Ithat cmtnﬁdsgajo@ a bngﬂwuf(tlin: cate $492ubedaied a

I d t I it t. Ref tq Fig.
25 sii cINIBAETSASPY B e RS Sl P OGO L e re e
shl ¢4 ded RhfghhiisRthacahl R 407 Hsaglkichess ahRauardngtrhdit Ui @4302 ihflufidsg. 24.
Wher eas shielded el ectrical cable 4402 has individually insulated

conduct orpindudecgiensi4dl8edn ticeenohid xgiaaBE8 450 shiplding) fdmdI08 ingluddsat ed
conduct Orpsinc%Sg portions 4309 extending from both sides of each conductor set 4304. Pinched
regions 4318 cooperatively define a generally planar shielding film. The shielding film
4308 includes two cover portions 4307 cach partially covering a conductor set 4304. Each
20 cover portion 4307 includes a concentric portion 4311 substantially concentric with
corresponding conductor 4306. Shielding film 4308 includes a conductive layer 4308a
and a non-conductive polymeric layer 4308b. The conductive layer 4308a faces the
insulated conductors 4306. The cable 4302 may optionally include an non-conductive
carrier film 4346. Carrier film 4346 includes pinched portions 4346°° that extend from
25 both sides of each conductor set 4304 and opposite pinched portions 4309 of the shielding
film 4308. The carrier film 4346 includes two cover portions 4346’ cach partially
covering a conductor set 4304 opposite cover portion 4307 of shielding film 4308. Each
cover portion 4346°°° includes a concentric portion 4346’ substantially concentric with
corresponding conductor 4306. Carrier film 4346 may include any suitable polymeric
30 material, including but not limited to polyester, polyimide, polyamide-imide,

polytetrafluoroethylene, polypropylene, polyethylene, polyphenylene sulfide, polyethylene
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In one aspect, as can be seen in Figs. 23-25, the shielding filmis
re-entrant between adj acent conductor sets. In other words, the shielding
filminclwaesizomenched 20portion that is di sposed betweem/ Usdpiamersto
conductor sets. This pinched portion is configured to electrically isolate
t he adj acent conductor sets from each other. The pinched portion may
elimnate the need for a ground conductor to be positioned between adjacent
conductor sets, which sinplifies the cable construction and increases the

cabl e f'%bmhhfawgol?wﬂana% Nffeo fﬂﬁ,foal §th¥-'é|ﬂ Ripphedipgitipn my be

positioned at a d ter than about one third of
t he di anﬁioéyurdhand]ecrwhw] ah@es,cmdmdtmbls:r dmxsnsmdcsas‘rbst,lc tubberrdhehied

ortion .be oned th is er tha about..one hal f
D0 e oGP o 8 freliiis B SR iRuhdilRes RufLflivle b R B G kiR e
bet ween agdita06Rr tROMMCILOE SRbSen. td‘h@rlérrfﬁﬂﬁéﬂu%%h edl!ls%& &S I@t@%h%]@al
signaling schene (di fferenlt)l al versus single-ended), this re entrant

conf¥ gur avergodf eandugthr sitsid 309 anid laddd tpthe md‘ihmlaﬁiét?lhdttéD?Sladéﬁb@lwti’l@dl |y
i sol at es tg%é%ﬁ ductor sets fromeach other. WO
2012/ 03036 52010/ 060640 The conductor sets and shielding film

nmay be cooper atdfviginy t6 B 2gWwheddddrel eviridalpadanss? G afhilalih kétge fpéitd nshi p.
In one aspect, this nmeans that the partial coverage of the conductor sets

by the s &liﬁdrﬁéeormqahﬁ@e 43 opsribadedovs vl Hugteded wdisoldsi Whesey in
geonetry @ ong di ?rﬁ)c}a?@égﬁ@4§)(f &Qﬁdé&é&hﬁ&& Ly & n%ﬂl? %asﬁe Ias to

provi de an accepta ance variation as SUIta nt ended
applo cat |1ﬁmlatbahc@rdﬁctferrbmﬁ giialded bhbmcarmbdﬁtme ivdudestconduct@ skwsid04 Han 5

Chnms and preferably | ess than ns al on present ati ve cahl e | ength,
such as, f@vghvoms atqdﬁoﬁmﬂéﬂiﬁg Q&@[ms‘ilf‘%fiﬁ%n(f i & edHaREor s are
arr anged g%&%ﬁ% i/ @Lﬁigleg)le%he M @ﬁ%étﬁjel}ﬁlﬂdfﬁrln&ﬁaflf ghiete 1'1 R whighbsh be

ar r angenent I's means that the partial coverage o e conductor sets by
t he shi eltdﬁa'hglaﬁﬁglbmdsitachﬁcmhmémemcwcmhalaammenEd COI’ISI stency in geonetry

bet ween t he | ate [ as provi de an accept abl e
Crpedance var iRrEneSe PR bl et i S AS R Ry i Sornf fespi B
cases, thgiddgedansal ¥alé a4020destiSbddedovd iitmuastg%wmemg MW&&@J@ISmel&as t han
0.5 Ohns along a representative cable | ength, such as, g 1m Fig

26a- 26d |d1¢OEEISQa|1 aabde %m lmsn@x@n@lﬂsemsuiﬁteé&md@ror&% algélds ek@h@lcelcmm@ct or

set 15by Shl eI f| l, m ?ﬂgint of coverage by the shielding film
vari es be V\egﬁsjcoﬁn ym dCOI%duC?OFS enbodi ment illustrated in Fig. 26a,

the conductor Isehe h@ﬁ:cﬁ, aecarm@etseewﬁmg@s zmtﬁetm&@ib@(ﬂiihﬁeme ¢dttaist rated in
Fig. 26d, the conductor set has the | east coverage. In the enbodi nents

i | | ust r atbsveen adjagent copducipreneln otherrveordnghe ﬁa‘FlfilanﬁlmHéCludeS a pinched

20 portion that is disposed between adjacent conductor sets. This pinched portion is
configured to electrically isolate the adjacent conductor sets from each other. The pinched
portion may eliminate the need for a ground conductor to be positioned between adjacent
conductor sets, which simplifies the cable construction and increases the cable flexibility,
among other benefits. The pinched portion may be positioned at a depth d (Fig. 23) that is

25 greater than about one third of the diameter of the insulated conductors. In some cases, the
pinched portion may be positioned at a depth d that is greater than about one half of the
diameter of the insulated conductors. Depending on the spacing between adjacent
conductor sets, the transmission distance, and the signaling scheme (differential versus
single-ended), this re-entrant configuration of the shielding film more than adequately

30 electrically isolates the conductor sets from each other.

53



peri phery of the conductor set is covered by the shielding film In the
enbodi nents 20illustrated in Figs. 26¢c and 26d, |less than half of the

peri pher ywof20tmsoxonduct or set is covered by the shi el dipa@/usSeémmocoks@gr eat er
anount of coverage provides better el ectromagnetic interference (EM)

i sol ati on and reduced signal attenuation (resulting froma reduction in the
proximty effect). Referring to Fig. 26a, shielded electrical cable 4602

i ncl udes a conductor set 4604 25and a shielding film4608. Conductor set

4604 i ncl udes FQ.qj) é)lastge’tas?qnlﬁgﬂgﬁﬁltégﬁﬁn ﬁﬁg%eva’ebgég%%ﬁfmﬁ@h@aqnanl ength of

the cable 4602. Shieldin I1'm 4608 1 ncl udes pi portions 4609

ext endi ngmipedanch ooitradliges:lafonstopd icomwr aspett, th0deanPiht Hedapor tovmage4809

cooperatiyel efin ener al.l | anar shj.elding film . Shielding film 4608
FurCher it paniSion g Du fegBiofiinh inarsampl iy But sy SBbAEIh  se

4604. CovRbmRaY iR tHORA B At WtededCNE S Chtle @&Uhtds%?ro@ﬁﬂelansdé@@tﬂﬂé' all'y
concentric with a correspondi ng) end conductor 4306 of the conductor set
46042 Shiigipddance vedationga suicaiid ©rAg0Rtordgd appdisatiiy én eme crpipdiment, this

2012/ 030367PCT/ US%%IHOIHOIGPGGSAf%aggt&Qnsaém ornfegﬁ)nd%ctgh\ég rrigr filma4646.
Carrier fiiPmA646* Hcl udes pinch por ERIES Jl% 5™ EX end]flng ¢ 8m bot h si des

of conduatprese@itivd GRlc gt is6¢osee gQPpeShiagothenahed, Paid inansc4609 of
shielding film4608. Carrier film 4646 further includes a cover portion
4646' parcopanqters aaranged efderdivelydn adwinaxgbandigrlifipteatig ppicaplér t i on 4607 of

shi el di n%rt%hg%rﬂ%an?tﬂ% mée;ﬂ% gat H%ﬁ%ﬁ? cﬁ?qu Bf tﬁ@#&ldﬁbt@g sdtd tﬂhé?g%ggﬁé/ eg)v;?e

top side an e entir t rng es of conductor
por 10 on 4846s acfongdishedwith ialdesiddddneisneacsintdeombol botwesh de iafulatochduct or set

4604, conpletin he substanti al .encl osure of conductor set 4604 nthis
enmbodi nerFPPS‘tﬁth ﬁéa Pb‘éns’t“ﬁbar?éo%lt’ © A RECERIVRIF “BB?‘{;P%V%@HBH a%?“@élﬁrfj%r film

4646 ar e (g Hﬁitfﬂg& E%icﬁtl&ij pi_nas_%ﬂ‘fe- cag&%fe%b-b&ﬂcé Qarkdtidn 152%93 ‘[lhﬁllﬂb@lﬁlﬁsdand,

el ectrical ca 2 1s simlar in sone respects to shielded electrical
cabl e 46Qfcfdebby icketiambov@hrandong b uepresan@tvée cabiié gngth6such ldoveg et m.i n

shi el ded el ectr.i cal l.e 4702, .the cover portipn 4707 aof shielding film
2705 covers ks g SRy RuthC R arat e TG oF Pl o Hoyfef o e enfudton S tes o
conghict orpyst siil@thg AL THE WRIouRSTidoO8radd BPiheQhickBhg fiRh vhiidsBeAvdd thovers the
bottom side and the renai nder (|l ess than 15ha|f% of the left and right

¢

sides of asdhedinenss. I e agdimennihisretadgn Fre 26utbe eanduetor e dhothgmeossof
ot Or o het 10 e TNEmBRTH| ST Rie 2B SR Fofchl MWl AR g e

.coveragef\. n fhe .
concentric 0] 0] I ONS sSubst a concentric w COI‘I’eSpOI’]dI ng

conduct orco#d@8e. In the embodiments illustrated in Figs. 26a and 26b, more than half of the

periphery of the conductor set is covered by the shielding film. In the embodiments

20 illustrated in Figs. 26¢ and 26d, less than half of the periphery of the conductor set is
covered by the shielding film. A greater amount of coverage provides better
electromagnetic interference (EMI) isolation and reduced signal attenuation (resulting
from a reduction in the proximity effect).

Referring to Fig. 26a, shielded electrical cable 4602 includes a conductor set 4604

25 and a shielding film 4608. Conductor set 4604 includes two insulated conductors 4606
which extend along a length of the cable 4602. Shielding film 4608 includes pinched
portions 4609 extending from both sides of conductor set 4604. Pinched portions 4609
cooperatively define a generally planar shielding film. Shielding film 4608 further
includes a cover portion 4607 partially covering conductor set 4604. Cover portion 4607

30 includes concentric portions 4611 substantially concentric with a corresponding end

conductor 4306 of the conductor set 4604. Shiclded electrical cable 4602 may also have an
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Referring to Fig. 26c, shielded electrical cable 4802 is simlar in sone
respects to shielded electrical cable 4602 descri bed above and illustrated
in Fig. 28a.20ia3sd7el ded 20el ectrical cable 4802, the ceceEmuspawios@m 4807 of
shielding film4808 covers the bottomside and | ess than half of the |eft
and right sides of conductor set 4804. Cover portion 4846' of carrier film
4846 covers the top side and the renmainder (nore than half) of the left and
ri ght sides of conductor set 4804, conpleting the enclosure of conductor
set 4804. (g I C iSc Simlar
o shi el dBa e e L PR PR i i g,
26a. Howelpds’’ cktendinigdiae totblsetes of calducmbbe 46040 20d dispaed pppdsitopitBOY of

hi el di f'.I 8 4h t duct t 4904.. Co
or 41 on PIROT A0S of SReliing 17 4086CBEERER afds FECLRABahE CovtePdiionr e 1 of
and ri ght46&5de§argtu§:9a%ﬁg ebndiRtor 48U604 %gﬁwuetcba& PoRors48 loRhikRlingenCl osur e

of conductor set 4904. In sone cases, g nched portlons 4909 and cover

por t§ on 49o74698. Shvasipgiting 4607 of Y0490 4&feovantthatopyidsapt draentire left
Simlar to the ded el ect al gsabl.e inc

shi el di ng"fi ”%95186 O;r}locé’e%‘c“’r tp%@s“. {3 Vi PRE S 4d4t%he ofGrigr @Pb%ﬁ% C"g’8l‘<§no|uct or
set and/ ahe Bt dida op batidakiol Yet o045 p@ﬁ@ﬁﬂetﬂ;}g&hé subendtigiteatlosat of ca@iduodir ment s
of the shielded electrical cable |ncIud|qgéa single shielding film may

i ncl ude aft 4e4sin t@wembnﬁigneudplﬁehe drosiang 48deidaed epver pitiode4a’s pefcaarriarhi s
ground c trical contact of the shielding filmto
any suitggqgﬁyﬁ ﬁg%&rﬁabﬁﬁggksglenent of any suitable term nation point,
such0 as, e.g. ,Rdceoptatig. 2blenhivtdedrel@tal cibédd T02ris wintilab d@san Oresgaets to

eIectrlcaI tact .o n Ie rical, connector. The. ro nd conduct or may
ext end be%i%% cctricab el o depraled A& ot MuStEHT o 326n AVEETF e i tate
this el echidal I &CHMREIbIc TN, &{e%'i}grn&%&t'@’?@foffmélde@%ﬁhﬁ'w LovkRO | ndi 1 ect

el ectrical contact with the shieldi frimin at t one ocation al ong
i ts | engtthp sidn dndramrd:)‘éap hal¢ efithicricfs almct aﬁlteldesoﬁmmirustooﬁettmw sﬁh@tcded

5002 hav RGO F¥oonar SHE! BimgT40 avrSebBboTort sa e S e enauetD: LSS ar

arr gnged Half) bihe GO SMES St sRRE Sf &Qﬁtﬂctoee&h7tmﬁ\bbﬁ@1&iﬁ@fh@msﬂaﬁmﬂ catlobursul at ed
conductors, although conductor sets haV|ng ot her nunbers of 15i nsul at ed

conduct orof casdustessasidd. Gevasipartmnet 7463 oot med 7@, inghdas| coperngiect r i cal
cabl e 5002 J.s S Q roun conduct TS 2.1 rious exenplary
| ocati ond’ Otr)tu nsé‘rt?ggwgsru% ]iltla(ﬂry CtOHC&trrlco‘t’ng[ “QoRd0CT'S %{1% r%&yébe omtted if

desired, or adtiftirigpad Fi Q&ndhemadm:atcarcal Eabie m2|1§1§1|rrﬁdledl sdaiteRstcsaaduct or s
5012 extend in substantially the sane direction as insul ated conductors

5006 of cHisdtedrctiice sabdodol2grgcraicd abpxs pidoiuetrased indde 26a. In shiclded

20 electrical cable 4802, the cover portion 4807 of shiclding film 4808 covers the bottom side

and less than half of the left and right sides of conductor set 4804. Cover portion 4846°”°
of carrier film 4846 covers the top side and the remainder (more than half) of the left and
right sides of conductor set 4804, completing the enclosure of conductor set 4804.
Referring to Fig. 26d, shielded electrical cable 4902 is similar to shielded electrical
25 cable 4602 described above and illustrated in Fig. 26a. However, in shielded electrical
cable 4902, cover portion 4907 of shielding film 4908 covers the bottom side of conductor
sct 4904. Cover portion 4946°°° of carrier film 4946 covers the top side and the entire left
and right sides of conductor set 4904, completing the substantial enclosure of conductor
sct 4904. In some cases, pinched portions 4909 and cover portion 4907 of shielding film
30 4908 are substantially coplanar.
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20shielding fil m5008 and carrier film5046. One ground conductor 5012 is

i ncluded in a pinched portion 5009 of shielding film5008 and three ground
conduct orw020A30e36¢ i ncl uded in a conductor set 5004. OmreTafS201006@4¢ hr ee
ground conductors 5012 is positioned between insul ated conductors 5006 and
shielding film5008 and two of these three ground conductors 5012 and

i nsul at ed conductors 5006 are arranged generally in a single plane. 25Figs.
28a-28d are cross sectional views that illustrate various exenplary

embodi nent s 0fSlﬁnl§moeén%)‘jhrﬁ&ﬁ§5f thE @fueﬁi%@ bR cARGCLAI Nl Sin n%%@@%ﬁi%ld?ﬁ%t Ihgl

present invention. Figs. 28a-28d illustrate various exanpl es of
cover age fdmstdtwoeﬁmirmmBltessdesmf thdebihirelindi agpriduttor witahd/ot atohed pr esence of

a carrier fi nDunt covera i el.dj il mvarjes between
he embodtireliBror Pt TR kRl it Aot p et Sa e Skttt slb TARL®S ooe et or
set has tihgudmgh s ‘i’eeﬂﬁ'&@l It gy ﬁeﬁl@@l 'am%alstt ohé ldﬂ%ltﬁ@hﬂckrbﬁhd:dcﬂdu&&d the
conduct or set has | east coverage. he embodi nents illustrated in

Fi gs? 28dnandaasbt, thlmogoqgmamo%fmﬂ@szk@mvc@le@mt pithe shinldmenfaint toof t he

peri phery of ctar .s Q shiel din In the
P o oo st FARGNED SnRs oiddenf 8 B iR bR oR Ol kb p ek
conduct orcoagikt ¢15m61ﬁ1\6ﬁr idyd &1‘r’tﬁut83@)laﬁi SH a1 ddtdidal comradt b€ ae slRewicar nt
illustrated in Fi | ess than hal f of the peripher of the conduct or

set is cd:@@n@@orbgvg@ ar@ugﬁp@lddlm@ nfajy|cprfend, bgy @i a Acaghengrnt t SV Erage
provi des sﬁf‘eﬁ&ﬁ ﬁﬁh%ﬁa{ggﬂ%g RGE %@C&EM%L LEARE &El'}{'d)coh&f&'t&%%%&ddlgegﬂuced

si gnal attenuafion ting fromare ductr&nin the proxrmty eftect)
Al t hough drmndlfeeseeﬁﬂbaidbmm\sl,th theabivttling 6ifm seit [basc budlesationmlaighist ant i al |y

paral l el |on din i.ns Iated onduct or er epbodinents, a
conduct ol ﬁ %’i‘a % dliaéul&b?%lﬁfs%lqnﬁaﬁfhwﬁle@{?gée&rﬂqagﬁbgbe paral | el
I 'ongi t udi nal %ldﬁhﬁgra@&nadéh?él@éoﬁeleé%ﬁfc%lé 5082 B@vugg &ﬂg %ﬁ@shléldﬁg Bhfed

el ectri cal cabl 5102 includes a conductor set a shielding film
5108. Thes098ndhsotated ®etiuGafSH0D6etcudesgedun tivosohduata scorf@ldt@rls hd106 t hat

extend al o a | engt.h of the able 102 Sh el din 108

o nehod SR ted b e d e aliBEhsotiG SF kB aterueBisgToa
Pi nghed pa&dlited SorekdrLAMRRuMH hetaih ﬂ@falseeeoﬁteg@m@Islméldﬂdaéwneﬁh tigi ng
film Shielding film5108 15 further includes a cover portion 5107

parti al | Y083 vestiong t@ommlmﬁtgmu@eqongwars 5042 en vy |e@¢rn51a0'710pattﬂn&betsany

concentri g |ons bst |aII C respondi ng end
conductoﬁngﬁ (?gP HeE %%ﬁ‘cos g vgrgﬂﬂk’¥%nogi UO P Oug&dlng film

5108 covefpadiidiersbai boMmchiddé. @ﬁﬁim'tﬂb@n@t[ﬁtdn’é Sﬂlliéitetﬁflﬁl gubgﬁlﬁua‘ﬂlyd@@sa@fe
conductor set 5104 in Fig. 28a._Referring to ég 28D, shlelded el ectrical
cabl e 520Brepdonsasinpulpted pondyeiors MofcendustarosthiWPdand eedosifived betwette 5102

Sessy oy RS ELER i S0 B SHENG 20 BT, o
bottom s |1ﬂmclmd¢lortimnéﬂﬂhaﬁ sthaldfngdilnt $008| aafl thraa draundbbdndictes S@2 wonduct or set
5204. included in a conductor set 5004. One of these three ground conductors 5012 is positioned
between insulated conductors 5006 and shielding film 5008 and two of these three ground
conductors 5012 and insulated conductors 5006 are arranged generally in a single plane.
25 Figs. 28a-28d are cross sectional views that illustrate various exemplary
embodiments of a shielded electrical cable according to aspects of the present invention.
Figs. 28a-28d illustrate various examples of partial coverage of the conductor set by the
shielding film without the presence of a carrier film. The amount of coverage by the
shielding film varies between the embodiments. In the embodiment illustrated in Fig. 28a,

30 the conductor set has the most coverage. In the embodiment illustrated in Fig. 28d, the

conductor set has the least coverage. In the embodiments illustrated in Figs. 28a and 28D,
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Referring to Fig. 28c, shielded electrical cable 5302 is simlar to
shi el ded el ectrical cable 5102 descri bed above and illustrated in Fig. 28a.
However, wo 2stwmsbabed el ectrical 25cabl e 5302, cover por PCOUSBBOMN6W@H0
shielding film5308 covers the bottom side and about half of the left and

ri ght sides of conductor set 5304. Referring to Fig. 28d, shielded
el ectrical cable 5402 is simlar in sone respects to shielded electrical
cabl e 5102 descri bed above and illustrated in Fig. 28a. However, in

shi el ded GL@GH I i oﬂﬁ@%&ﬁ%ﬂfeftﬁ@& dub@F Fé't%“?o%ﬂeh WBitng EIIi@lgiﬂirgﬁgﬁ{. ihg iIH§5408

covers the 30bottomsid ess than half of the I"'eft an es of

conduct oreng@dirbA@4llustt©d 20 Fiy. 08¢ 26FRORI LB 2110 PG4T the condAstonsetad t er nati ve

to a carrier fil for . ex l e, .shielded electrical_.c according to
nepect s SPOPRE biTbsIIRITR Foht afomentuESHe SR FEm hsn T Haler: ve
support. (f8p&iphe the BB uBRr Y& 8 cdRr&Phe bR RMESHIGRIA 5RYRF AdButlora
conductor set ‘and add to the mechanical stability of the shiel ded

el eclri caloverap¢ proviicg bett glecrogagnasicantgyercgecibMhagol Bionend redvaed pighalst r at e
various exenplary enbodi.nents of..a shj el ded .el ectr. cagbl e, _according to
nopects orcrRuRpXsSORRE HABEh kBt P Bt B SR, AR n i nor

Al t hough dnibddhe&ts, arddadidi®ibesincRidBORvaCUBStdatidl MepasdlRPWhkitidinalsediimed h a
conductor set that includes two insulated conductors, 1 n other enbodi nents,
a non- corf@uewqters. 18 9iss embaginanss, g serfugfar fetaneoglude ore eemorafhen iWe| udes one

or nore tsﬁﬁﬁ%rﬁﬁ’&%yﬁaﬁpazﬂegl%%i?}dcﬁi%(al l?%‘hf’a'téaeéongiﬁét%gi tudinal insulated

conductors, conduct or. e support may include any
sui t@bl e pol yrifecingad Eig. aka, aishzldedi ahgtriaat cabdé 5102nintladed ocqndligtesteer ,

lyimd I j de-im.d I fl hyl \ | I :
pot yet hy1 B andBrisurg bl st 861 VicranSiapel R e Ui haRAgE!
pol ycar DARANStor3 s 16 AIPe(RPAbng FIAKIRIN LMY SRNS sHidle, ihxI0e

pol yur et hane, acrylates, silicones, "natural rubber, epoxres, and synthetic
15r ubber iadhéssipreched pert®np fH0% extendingfrbmdwtlosidesof condwetarddi $i04eBinahall or

Ref er 11 ng OFonR 408 sBperdiyebidhoae aieditiine Blent ik Magh5e shRlips Bl 35os
shi 4 ded RHR&LMEIGHSs LRRLEpREORS HEBSSHH B RBANE caHid clol b S 0Rt@F el portibl. 284,

but further includes a nonconductive support 5548 partially covering
conduct or5S192indEB4 copsolic oréensdyl 1 ponbstantialy seoEnsic vaili @FeresgoidingeB508.

The support 554 n.cover .the ide of.c cl-or. set 550 0.encl ose
noul at eqRdRRIcy 98B B EalalS: 108, Sh1T Bty sl Bl MBS0 Afinar “top
surface ShdBatonl eideabd fircatiEDBandRighpiidshddondiuctdrapss 19469 Fof. 28He shi el di ng

film 3508 are 1%6%?1%&12?(5 IFf}gI I2gb,csglpelldae|2d]aeﬁe'ctrical cable 5202 is similar in some respects to
20 shielded electrical cable 5102 described above and illustrated in Fig. 28a. However, in
shielded electrical cable 5202, cover portion 5207 of shielding film 5208 covers the
bottom side and more than half of the left and right sides of conductor set 5204.
Referring to Fig. 28c, shielded electrical cable 5302 is similar to shiclded electrical
cable 5102 described above and illustrated in Fig. 28a. However, in shielded electrical
25 cable 5302, cover portion 5307 of shielding film 5308 covers the bottom side and about
half of the left and right sides of conductor set 5304.
Referring to Fig. 28d, shielded electrical cable 5402 is similar in some respects to
shielded electrical cable 5102 described above and illustrated in Fig. 28a. However, in

shielded electrical cable 5402, cover portion 5411 of shielding film 5408 covers the
30 bottom side and less than half of the left and right sides of conductor set 5404.
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Referring to Fig. 29b, shielded electrical cable 5602 is simlar to
shi el ded el ectrical 25cable 5202 descri bed above and illustrated in Fig.
28b, but wonrzbtesoiencl udes a non- conductive support 564@Cparstéialobossecoveri ng
conductor set 5604 opposite cover portion 5607 of shielding film 5608.
Support 5648 only partially covers the top side of conductor set 5604,

| eavi ng i nsul ated conductors 5606 partially exposed. Referring to
Fig. 29c, shielded electrical cable 5702 is simlar to shielded electrical

30cabl e 5302 desgf él%glgatﬁ‘f@ QY & cARdr ﬁinl%%f é)@d‘éﬁ)ﬁil JsPiclded clelBfval QiblesfadbdifG

i ncl udes a non- conductive support 5748 p all'y covering conductor “set
5704 oppdsiasectef dre posant orentitd Ryl 1c06l0 36 HPETHdUS20-L0n D806 urHda 7 Tiok

shielding film5708. port 5748 covers essentially the entire top side of
conduct oruBeer B35 e ua kB ROMBIGTy PR SRS ST RGO ST G IR B or s 5706,
At | east Aedh@hithloftlity D BRAhtcl®43eduSca S altd. 2D Y98 ARCEMK kb&ionhlt h

i nsul at ed conductors §706. A portion of support 5748 is di sposed between

i nsul at edvicwnidacillosteats yo®uasdcsplael dnbrylimientmnobs siogldekeleetrickimgblco Fi g. 29d,
shi el ded gl &ariical, SRS, 0% B bl Ab S S IRAGIESh Al cable 5402
descri bed“above NP ITPIUSTTALEY | ﬁ”f‘—tllg. ngg EFUC T Ot e P i Udes a
nonconducAitheRigh ipesd erbiSstBmpak | 4 @dn-yondanterd sagpsroidided @itheondidér sepposi te
cover portion 5807 of shielding film5808. Support 5848 only partially
covers t Hbattipgudgsdwodnsulasertieradaetompyicathggmbodireenss, adionrrondugtivg serneduct or s

5806 part] e ' ' '

i nsul gt ec]Jn %lo%%lﬁsg?%a tgl ag%o(g@u %ﬁ%géé%ﬁéﬁ%}lﬁdgég)g ﬁ%ﬁ@g%ghé@(y\gjl %Bg%gt?al ﬁ)tsa\é\%gg i on of
shi &0 ded loaditvdinal msplatedicdadudters, dConted fieund\es ©nEres rt folaiy éh odhedt
Electricalm%abl s"S?Attorne @Egg§g¥ 6 %87E§Oég?gfiled gap%ven?date herewi th
and i ncoryy¥rsuiahlc pRIYEcHC HW%/‘ dRending byicat ligytgd 5o olvayct nelyHed det ai | s

regar di ng,3hinBhdeHide! R0RHEAREShIIBAL psg@fcgﬁmfngg%m&ﬂyla?&ph@gg%gt y of

mut ual Iy "shi el ded conductor sets.” The d ures of sed
cabl es alsutfwlet palyethplehenaritheze tpotywdrbonata, filocometrubtieatetiati¢mvmomdene hi gh

density of sigpal lines.in a single. .ribbon cabl This.can enahl e a high
onsi t SO Pl e SRR CBnaL Bber! S Sr iR efp e
crosst al kubis@laahdsore. Whé Eupgbﬁm@riﬂcﬁe@aﬁ@@%m%&dmwg hrp&still drdtodseiitie on,
hi gh density cable can reduce the manufacturing cost per signal pair,

reduce t Heoprsheh sugalle iforithe sdensied eprlicaiewnbl y of pairs (for exanple, in
geperal. one OGRS Il 59, ORI RARE: Y SmTE ot DAL SKTRENT,
i's gener alabl¢ 3102 degfibbdaovicwdd sthaeked i Fld08& but further includes a non-
conductive support 5548 partially covering conductor set 5504 opposite cover portion
20 5507 of shielding film 5508. The support 5548 can cover the top side of conductor set
5504, to enclose insulated conductors 5506. The support 5548 includes a generally planar
top surface 5548a. Top surface 5548a and pinched portions 5509 of the shielding film
5508 are substantially coplanar.
Referring to Fig. 29b, shielded electrical cable 5602 is similar to shielded electrical
25 cable 5202 described above and illustrated in Fig. 28b, but further includes a non-
conductive support 5648 partially covering conductor set 5604 opposite cover portion
5607 of shiclding film 5608. Support 5648 only partially covers the top side of conductor
set 5604, leaving insulated conductors 5606 partially exposed.
Referring to Fig. 29c¢, shielded electrical cable 5702 is similar to shiclded electrical
30 cable 5302 described above and illustrated in Fig. 28c, but further includes a non-

conductive support 5748 partially covering conductor set 5704 opposite cover portion
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One potential application for at |east sonme of the disclosed shielded
cables is in 25high speed (1/0O data transfer between conponents or devices
of a conpaDeni12gpsisem or ot her el ectronic system A prot ®COIUSRMIOWN6AE SAS
(Serial Attached SCSI), which is maintained by the International Conmttee
for Information Technol ogy Standards (INCITS), is a conputer bus protocol

i nvol ving the novenent of data to and from conputer storage devices such as
hard drives and tape drives. SAS uses the standard SCSI 30command set and

i nvol ves e it = 0P j I m ni - SAS
nas. beon ey ol O P s s INarL P e &

speci f i cabonductor SHCH ] 29s0RQBE AR £iS20IDINGEOE @onductors 6 evit ¢ashnal

twi ial_ (tw . mbl i f t I licati h
i i - 58 RSO R bedi PT S SRR eobieolhodi R BT AT S b 7
havi ng i tir@WMoAGEFP ST i@@lis%()?éd"be‘t‘\i/ée%,inﬁlm&ied EorRiQB@rCABS it WRicHi flnM T es.

When ternm nating such a cable, not only nust each insul ated conductor of
eachd twi fd¥8pair be managed, but each 5drain wire (or both drain wires) for

each twi nax pajr. must als e d..The vent i.onal Lwi.n airns are
P cal v ar P R drafiZo Rler QaRSn{TRRAM udERge SRRMEIHPTR) i duPENEBRRID o

brai d t hafable®a02idesribbe alfiicragd situstrt ih PRy 28@ubirthetinethdeogadmer . I n
contrast, the shielded ribbon cables described herein can if desired be

used in CORFIGIYE sURRMHSSSAarially soverirgomauctar sof F8Y4 PRPQPLGEIVET POTHBBN cabl e

is mated Hap Y. C %M . ( - q. I above)
and a secstg‘ra]a%? %&?ﬁpn%rf}lﬁ% @bﬁu@%ﬁ[ @s%l C a?trlr%y ‘g)é% %it%gﬁ)gssl%roicggg%cg%ti ally
i dehd i calset $80doehvigy i@l aved @mdhayeB806 paitialy Expatd.foportipaiof suppobc848abl e,

is mated tq.the other major surface at the sane. end of the paddle card to
make a 4xls_wp%edﬁpme-e%@u%@zq%ﬁ%w%%%@n%_swléwg 2 ¥8el ded pairs and 4
receive shiel %&}iﬁ@da‘l Qiscydlo of%‘é’ﬂifela%!'c%lbﬁ? kv @AVAMCRARQUS AdiRbinkRist O the
construction utilizing the twnax pairs of "a 15conventional cable, in part
because ffenBhicldhd ElastrecatiCablns’ WidtermerDaakicnGhH88pRISP0Ddreden aemdlatand t hus
fewer drain wi[res .need tf) ge maEageg.d for term nation. However, the

confi gur atf'oH B 41d ipSQrReFaf deesh Rk of %o four-pair ribbon cables retains
thepdimtati onwthaty frivdids ARAAH&all] RBAAMeAhEIMRIGHRn tcabIBS MY & ey 41
assenbly, with the concom tant reqlw rement to manage two ribbons, and with

¢

t he di sadvghpasferudsnpificeleaswallyshi¢lpdeendanier sos.hilekdrstan fefturopof thebbons

relative fo,onl ne ribbhon. have foun at. the di.scl gse
L of e GRIRH Bl 0 be manHEREY G RHRE BAANIGWIG S RE B8RT,

enough widfgignat Mdsén 8§ piagicnthbod cabial Thnabghatteon diphtdehsisehatit @enfidet or set
spacing, and with a small enough nupber of drain wires and drain wire
spaci ng, A&t i conegeiar and/es sancingplg cresstial iselatiomith sadyrd|cRNRCtA hi el di ng

¢ haﬁ@Ct eriht%{'fiageqsz it fQddition, high density cable can reduce the manufacturing cost per signal
pair, reduce the bending stiffness of the assembly of pairs (for example, in general, one
ribbon of high density bends more easily than two stacked ribbons of lower density), and
reduce the total thickness since one ribbon is generally thinner than two stacked ribbons.
One potential application for at least some of the disclosed shielded cables is in
25 high speed (1/0) data transfer between components or devices of a computer system or
other electronic system. A protocol known as SAS (Serial Attached SCSI), which is
maintained by the International Committee for Information Technology Standards
(INCITS), is a computer bus protocol involving the movement of data to and from
computer storage devices such as hard drives and tape drives. SAS uses the standard SCSI
30 command set and involves a point-to-point serial protocol. A convention known as mini-

SAS has been developed for certain types of connectors within the SAS specification.
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25al l ow for a single ribbon cable, or nultiple ribbon cables arranged
side-by-side rather than in a stacked configuration, to extend al ong a

si ngl e plapeot2on3nwre with a connector. This ribbon cabl ecomuse@bloem4may
contain at least three twinax pairs total, and if nultiple cables are used,
at | east one ribbon may contain at least two twinax pairs. In an exenplary
enbodi nent, a single ribbon cable nay be used, and if desired, the signal
pairs may be 30routed to two planes or major surfaces of a connector or

ot her term natd £O5R : 2 I -end l.eng
only one pl aneé.&{%ﬁe roSﬁﬁg%m%lgﬁ%%gi%ﬁ%&\?ge%%l%@m{he%@hﬁpl%ﬂ&ﬁ’ Sucal
2012/ 03036inPSMSUSERLREdENR4Qutilize andividba twofax\pairs, caeh pair haviipsitoowends  of

i ndi vi dual__conduct or s, be bent out of the pl. f the ripb ble t
cont act ETBRDRE BERGT A ST e B ¢He B Bar B REAORERE. or ¢ he

t er m nat i @plcCRERANERLstERYh IshlaicdRofQRMHTIINE tRAUM - Broh8agl, Bik Bscht hat
connect one conductive pathway portion on one major surface to another

conduct i vsaiBparhwabotbairain orireshfar isechomnesx pral mpstadpofbgeanapet Ehcsepl e, Of
particul ar_signifi.cance to high densit abl es he, Ik bbon, cabl e, al so
pr ef er ab|%9n8%n?i O FE S R8I g lc%dlm?¥ drangpd i %g’r?é%@%néirle ba’s ;pla}cﬁ‘? SHEEST wher e

some or dbbsc@utdribeaid G UsitOhs SRIRIrAKE tHavthdgXabe futed togetherS Aeomfasal | of
t he conductor sets each contains only one pair of insulated conductors, the

number oftheiphipldediblan gabls descaibap hgreineza if esired he usadrp epnisguretigniasiciai r s.
Reduci ng f{)pgxallﬁﬂéj TORL fgﬁr-géiﬁﬁﬂbdﬁ {aBRe i@lnL? oloR€ nf¥j it f?ée Sfifie g@%illgca&? be
r gl ven ca 1 ﬂ) f

reduced since dinwres'in a e are typically spac apart from
each0 ot hekeead @RIGt Bé abavd) hndla seensd Gurghirtribdon alille. wiReldmaly g sinhiéarmunber of

drain wires also sinplif.ies nuf act yri ng by reduci ng.the nunber. of
connect i oH! StRR B AIBDE B SR T %3%%%%@?@#?%@3@%&% efit, thus
al so_ T edufhigid e okIRANor At QDK kA RnT LF IR ARG/ ARMEIRMLING didre needed

for fabrication. 15 F hernmore, by using f rain wires, the drain
wire(s) trhai-SASmmsemidgarhavengpbsartsimondakcl el pamsandgaedei for shmldddepamsadést si gnal

wire than is normal so as to e the term nation,.progcess.significantly
a5t er wiERTBHRYORS R e FRASE 9 osaBr bR ERLERE A B 4T ven
draif W reni@tiols GBR! AGHel beeathe Wwé thRPGHdWaidl witd fePtRiR PaBlca®be LG, dr ai n
wre to a center of a nearest insulated wire of a nearest conductor set,

and the redriestferocdanueirernoséto bapanrgcd Harr tagniaptiore d@yever.dbat er - t o- cent er

spacing ol ksulal St SONAUSLRLSeRlo ARy ANdiRLy LARITRKRG, S ALES, fian O- 7.
I n contrast, =conventio tWwnax cable*has a drailh wre spacl ng O .5

ti mes t hawonspdratk ebbemuit atalcd 36 pakatel 04k/4ilssienBlnevith thicltotorgitLhit amet er . 1 n
exenpl ary high density enbodi ments of the disclosed shielded el ectrical
ri bbon 25e@HfcEent foypaRagsttwe Iibgorse AR Wit Miccdiprdvantagious opraseEHMANba] acent

t Wi Hax pa[hlrcﬁn%g\/p'gg& gk%@@@ﬁt&est ro%if(lét{ee[%btoﬁ. bel ow i n connection with FIG

16 as E) 1s a ess an tour tines, and preferably less than 3
times, the cerWehatofonedtier ttephciosgd bletlded nbbdrecablgrah baintads deadehi n one
pair (V\hichgaigstanc%s referred.to below in connéﬁtion with FIG 16 as a).

Thi s el &'PBHSAPp VIR T LEUB MR HP RYEewagse sy Ynathenuekrandusiorseiriope
sati sfi edoR@idtor set spacing, and with a small enough number of drain wires and drain wire
spacing, and with adequate loss characteristics and crosstalk or shielding characteristics, to
25 allow for a single ribbon cable, or multiple ribbon cables arranged side-by-side rather than
in a stacked configuration, to extend along a single plane to mate with a connector. This
ribbon cable or cables may contain at least three twinax pairs total, and if multiple cables
are used, at least one ribbon may contain at least two twinax pairs. In an exemplary
embodiment, a single ribbon cable may be used, and if desired, the signal pairs may be
30 routed to two planes or major surfaces of a connector or other termination component,

even though the ribbon cable extends along only one plane. The routing can be achieved
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30f or unj acketed cabl es designed for internal applications, and jacketed
cabl es designed for external applications. As explained el sewhere herein,
we have dwoonsteeieed shiel ded WD 2012/ 030367PCT/ US2010,06054Q100b@ad ri ca
ri bbon cables with nmultiple twinax pairs, and having acceptable | oss and
shielding (crosstal k) characteristics, in which Efa is in arange from2.5
to 3. An alternative way of characterizing the density of a given
shi el ded ri bbon cabl e (regardl ess of whether any of the conductor sets of

the cabl §,haygwdr Bk hysOF. gC ggiafc&far %fﬁﬂaladéél%mt&%id 19596&& b@rths by

reference to t he nearest ul ate conductors of two adjacent conductor
sets. Thysancwdfelme mlbtmnsdabbl tdedntectline or thel chat ndjart surfact of tht tdrmgndtian ed

conct o e the EPRTE BESin ol RS B EER b E GES gt

nearest tha bohh&t ofOHIGES e ﬁ{wayTﬁlﬁtl&?Bﬂ 6he Ianﬁ)? Birelce 36 RASREH BRdREvE he
first and second i nsul at ed conductors is S. The first insulated 10conduct or

has an outdwadinvehei @nth@pthee njor surfacadiferresereapleo fOfi nagtiquirs sigaificnge tand t he
second i rhsgh @ nsg}l ﬁagoq e rlbb%%Sc @g a s§t er 81iagfrecon%ams gwbriﬁ %gsethgrll ameter if

its insul ny cases Sli'ze

i nsul at ecboa@NAGICIBE &, caks Widre Bora@6€al Daf the L@ndulctor saﬁer&a&@&,paln@wea/ &bmeDl and
D2 may be different. A paraneter Dmin can be defined as the | esser of D1
and D2. @ al@fihgeconipctonsets gph confains pakypne ppit of ipsplatadsjongdudiprs, thgdesi gn

char acter c ein,
Cra ool e hEiteEBe Bl SREARRIGEDEILE i i hIRED, SRR (IS CREARANGES 1, Ve
to B numbEhef ddamseirgadlowsghowvidih ghthdeaslictiy be axlubel dedu dyiadviras ipart by
virtue of .one kannre of. the follor% g features of the di.sclosed_cables:

t he need %M KPif 4i¢ hiRigaHY tBraed gparhrameagh prit algpg theywidthdigicpsign ehthey, t he
ability tgQpRr %éug&ng%%ﬂ{&r 61“&1% B £195 sﬁﬁﬁﬁg&ﬁlaﬁhﬂaagﬁn% re%gemg@ﬁé:t or

sets in the cable using fewer than one W re per connhector t (and in
sone casesmnflenef cctnhnacrtlomln @cciied ibatwiien ¢hd @lbleeandrﬂ}e tewnjnatihm eenparenf, dlurs abso nor e

connector sets, for e.or. t drain e or .the entire
cabl &)+  TRUSREe AHEgRengt s GRn PP bR Ry Ee Chagtd R a0mGrpE of ng

filps of suitahh@eaROEELY YsindRWEBRIRHIraE e draPNHMEE PthaSi@ingin dai@er €l ati vel y
smal | nunber and thi cknéss o | ayers used in the cable construction; 25and

the for mmlt@n@tmemaﬁrfr%mﬁm@grepmm wlcgbanmes mormadl do@s i ngke tici on of t he
|nsulateq conduct ors dra%n Wﬁres |d| filns S0 in a
C 1tcan

Thina d)en roce!s¥ Signi easier erlle qngylhe§lr1_‘g ?nctrehase m al%[]e W%}a]le | gh

way that provi uni

density cxamply egivehideaif Me&dz\/}a]!% agmt@izyd bgz al@pzit\{mgj@ﬁfrbﬂl accpahlogtieapabl e of
bei ng mass str.ipped and nass term pated to_a paddl e card or ot her |inear
array. THEIREGE ©arGepisT AE2 asrdcst diswiatesh Wwismof & n¢asest condyicion sefyand the nearest

20 conductor set may be characterized by a center-to-center spacing of insulated conductors
of 62, and 61/62 may be greater than 0.7. In contrast, conventional twinax cable has a
drain wire spacing of 0.5 times the insulated conductor separation, plus the drain wire
diameter.

In exemplary high density embodiments of the disclosed shielded electrical ribbon

25 cables, the center-to-center spacing or pitch between two adjacent twinax pairs (which
distance is referred to below in connection with FIG. 16 as X) is at least less than four
times, and preferably less than 3 times, the center-to-center spacing between the signal
wires within one pair (which distance is referred to below in connection with FIG. 16 as
o). This relationship, which can be expressed as X/ <4 or /e < 3, can be satisfied both

30 for unjacketed cables designed for internal applications, and jacketed cables designed for

external applications. As explained elsewhere herein, we have demonstrated shielded
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30separating one, sonme, or all drain wires in the cable fromtheir
respective closest signal line, i.e. the closest insulated conductor of the
cl osest cwodorsn3eget, by a di stance greater WO PCT/US2010/060640

2012/ 030367PCT/ US2010/ 060640 t han one-hal f the spaci ng between adj acent

i nsul ated conductors in the conductor set, and preferably greater than 0.7
times such spacing. By electrically connecting the drain wires to the
shielding films, and properly formng the shielding filns to substantially
sur r ound Fal.f ABBMELes St bl SOlifh s SHUBI IR BLRAR: RRORY oV de
adequate high frequency crosstalk i1solation betweén adj acent conductor

set s, andhwiddipgfrrestl)rahatacehstedsdmdviichhBanisgablrasedianh2driby. a m ni num
nunber of drai ires. In e pl ary. enbodi ments, a given .cah may, have
onl'y o dr ap oSSR TRPCRTAay ettt Eath JTEERL Bl ibige o
the cabl g}ogaRitéss @PivhcMBLarll ¢Hithe YWid8ctoP s@b §OthBeSsIE Rh® a o MEIBudtHaMn hWo
drain wres is of course also possible. By using fewer 10drain wires in the
cabl® corwiraiconbayrafiengas by eafericnest todhe paasst mselated gandustors af tweadpeaddt e car d
or other term.nation,conponent,...and,that. co e can thus b de_smal |l er
and o caR Larl R aRRg g SR HHE IR e B R SRR i e e
smal | er (fierdoadedtdr ROG rearstadeodd (idbedt) sor@nador ke ndidtaysecsadigsulhitewer drain

wires are present to consune |ess ribbon width. The reduced nunber of drain
wires is @nduger gfiteaspcondeqnductionse iy vaarasttheHasteonducorose dlageatcadet cabl es
to suppor I byb I I SCr at i es,
 bbon oaST ek AR AR g ARG GAMAR e oRIL S S A o
cabl@®s. conductdidas asodtee dossis@nkD Brdl..ahe Hamcendf s assladbk andnhdeconor t ant

measures .of signal integrity or shielding in any electrical cable,
i ncl udi ngn%%@e%fmus@éﬁg%%ﬁ%%r dRETebPE: sELbrglmELT létsolaﬂilﬁtgon_silaﬂéﬁnw i nes
(e.g. twRax RAkdmiublor MdRle (HOMMMCHRL inSERRY GAARRIrs, 20 WORG! AGL D - Bp cabl e

and in atermnation area tends to i ncrease undesirable crosstal k, but the
cabl e dedhgome anagstlewavaaillomddeingnde difboénds @dpdrenetienDoam chebaidethet o
counteract this te nc The. subj ect. of crosstal.k in t! bl e .and

crosst al KSWY Wﬁr?ﬂ§?88¥F@cR§Fn S%iﬁi”aaﬁﬁegﬁ% n@&ﬁéS&Fﬁﬁ@?aﬁHgﬂgéveral of
these netfeods chahcteriQRs el dhid RAUGEdHOEUI EiBBoPEbIE Kl ge hBRIn, Wrareahia e ed
crosstal k reduction. To increase high frequency shielding and 25reduce

cr osst al Kabnicathwchicallpoioe avheehbt/ Bsniniig injasraggssirembll Btad form as conpl ete a
shi el d surroundi ng the .conductor. sets . J..:L W nax irs) a Qssi bl e using
The tvio shi e di s e ibieCBROL AL eRdbdh e StV Dall By iy RRRE e

desi r abl eftige follbWirtdRatsbds@if thadisdlodetiBalslog ntht hadd foh e infin@Que hu@bet dfalRsin i n
conbi nati on, substantially surround any given conductor _set, e.q., at | east
75% or arirgseqistamg diiegen ,tlw)eﬂlfdftOﬁarf@u%‘e%qemt@ﬁhléwmgﬁ@r rarRioictlbef thet . 1t

1S 84S0 connector sets in the cable using fewer than one drain wire per connector set (and in some

cases fewer than one drain wire for every two, three, or four or more connector sets, for
example, or only one or two drain wires for the entire cable); the high frequency signal
isolating structures, e.g., shielding films of suitable geometry, between adjacent conductor
sets; the relatively small number and thickness of layers used in the cable construction;

25 and the forming process which ensures proper placement and configuration of the
insulated conductors, drain wires, and shielding films, and does so in a way that provides
uniformity along the length of the cable. The high density characteristic can
advantageously be provided in a cable capable of being mass stripped and mass terminated
to a paddle card or other linear array. The mass stripping and termination is facilitated by

30 separating one, some, or all drain wires in the cable from their respective closest signal

line, i.e. the closest insulated conductor of the closest conductor set, by a distance greater
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30often desirable to mnimze (including elimnate) any gaps between the
shielding filnms in the pinched zones of the cable, and/or to use a | ow

i npedancewonotiasest el ectrical contact WD 2012/ 030367PETTUS20006@60640
between the two shielding filns such as by direct contact or touching, or

el ectrical contact through one or nore drain wires, or using a conductive
adhesi ve between the shielding filnms. If separate "transmt" and "receive"
twi nax pairs or conductors are defined or specified for a given cable or
system Rigfodd RAMERSYachl SO diREn B3R BE GURREEH thE cGiidherof I ghaand/ or
at the term nation conponent by ggouplng all such "transmt" conductors
physi cal Iprefestbly greatenthhn 8rvdirher sucksghcgroupi ng al |l such "recei ve" conductors
next to each her hut. segregat fromthe transm.t irs, to the extent
possi ble. i n theeurE b SROR s ey b Sying s rind Retitfor s, mmy

al so be sBRAMAIRIsHJINL IS FEaDsMALHATYHProfhd ERMAAHRRS LY tRIhiQd nmore drain
wires or other isolation structures as described el sewhere 10 herein. In
soneS casetructuyprleepenngtrevide bngnatcdithescqueney ¢rosstalk snodation bebrrgnetiveentand one

for receive,conductor may be, used. t.the t r nore). cables are
Ot or an R IATES A we BRY St SRl itbPg bR i oM fepinf Al R ey <o

that advafidagesviet. & éﬂeﬂgﬂeﬁ’ﬁfehﬁb&ﬂiﬁh@ts}?h@ﬁ%n(&blé infydave ahlyewoaRaibévires
mai nt ai ned. The descri bed shiel ded cables nmay exhibit a high frequency
i sol at i orfopepiwskish rEydjcdeeitd ati9s npatcaeh edpsl dhcorable) rbus opinads dedndietivr set

H Ceri ; ‘ b . ¢
15 Gt L paiigal S8R utut] o SrRRSL AR IERERRY Uyl RS Lency
i sol@t i ondrhbiatwiesrin theecabicwenstaendudterr teahinatich pailsad] @qeintd cothd paddie set

(separated fromthe first conductor set by a pinched portion of the cable)
char act erfa5%eef Bherdcrappaigngonescniy a atsﬁ?&&%‘)flglg&al? ﬁ@\aﬁsﬁw,e sapterendi at

| east 10 4B @Qﬁlﬂh' heRaensiticd STRALHLYENMevASe dad RIFde! Bt RerdGeQT | bed
shi el ded ca8+ S nﬁé ga&?%ffmg s%ie&g?ng sﬁ%c%?%%ation ginifagl?b or the
sane as tdndtcanbed 4 mghirmigns\Emappl sicatfcwersiraia vergrat profcnd tgconsums ilggmal

strength Ls coupled,to one . of fhe transmt .conductor ts. (gr one. of the
ecel ve dURBUGHEN: SLrds e Bimbaig BN ONETENY e LA S 8 o gnal
strengt h diglgskel skitlded 8al1QCBIsMBpStPRMGH&GIRNsiEES Bak B6nvieAticHall dRErctd@ifdxansmi t
conductor sets), as nmeasured at the same 25end of the cable, is calcul ated.

The near -c@hlgs.ottibescablrs carppgsad efidiagctche inaztpays.gind opdingy mibban cytdessi gnal

strength to t original, si | ~strength, ;and.expressed in decihels, is
oreforabl y | eosefisnfeRSue Ry i BRI IR b SuEF L W ol e,
t he crosshepktyadr shikGlieahl syedttan cdes onstudihg thef digtntd tblevandi cabrR

appl i cat Iacs)ls’]émb'bl\ier).OtC}?cl)’gl)lirigl sigr?all lljiglleso(ré.thvtvi?laﬁ Bgirsdcl)rso(%lllecl)rséggdlfc?(gl sgtsé) closer

20 together in a cable and in a termination area tends to increase undesirable crosstalk, but the
cable designs and termination designs disclosed herein can be used to counteract this
tendency. The subject of crosstalk in the cable and crosstalk within the connector can be
addressed separately, but several of these methods for crosstalk reduction can be used
together for enhanced crosstalk reduction. To increase high frequency shielding and

25 reduce crosstalk in the disclosed cables, it is desirable to form as complete a shield
surrounding the conductor sets (e.g. twinax pairs) as possible using the two shielding films
on opposite sides of the cable. It is thus desirable to form the shiclding films such that
their cover portions, in combination, substantially surround any given conductor set, ¢.g.,
at least 75%, or at least 80, 85, or 90%, of the perimeter of the conductor set. It is also

30 often desirable to minimize (including eliminate) any gaps between the shielding films in

the pinched zones of the cable, and/or to use a low impedance or direct electrical contact
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30is to maintain the structure of the shielding filns as cl ose as possible
to the termnation point of the insulated conductors, so as to contain any
stray el exonoragnstvic fields within W 2012/ 030367PCT/ BE2AK210660640 t he
conductor set. Beyond the cable, design details of the paddle card or other
term nati on conponent can also be tailored to maintain adequate crosstalk
isolation for the system Strategies include electrically isolating
transmt and receive signals fromeach other to the extent possible, e.g.
ter mi nat iyag, aRdné G 30h KAYURLOESh AP SORLANIRE oNieldirfdPshRt wo
signal types as physically far apart “from each other as possible. One

opti on i ghtoogh enerom@ade draiohwivdsr esusarnrh coddotcteardbeove bapacmathe shicilese ( opposed

maj or surface of th add) e card.. ich can be used to ayt tically
foute ¢ hellBg aieBualy ennanemd Treius byt gos bt eoehges of derasiad e car d.
Anot her Qpkdifgd for atgi’vénedaﬁlertﬁts?st%PMgWﬁfe@tierﬁgl@hi@&lﬁ&@b&h?ﬁ@o %@%ﬁﬁaﬁ‘lbéd’i_nas far
apart as E855|ble to laterally separate transmt wres from 10recei ve

wirek. Cohbiabde prohier apthe thesiaaiserr eonenginest kysgrowping alhsuchs dunsoit” tendubiors
isolation, (Reference in this regard is de Lo previoysly cited "Connector
e oty SCRLT AR il ghitingr, b Bloflpd afTRAE: Rp SRR s ek BB s R0 05y

pr evi ouslgthdrieosdpescateddidie i tranbiitrRfrerte fieesxtent posseb1stih dicc@hrsitban be used
wi th the discl osed hi%h density ribbon cables in conbination with paddle
cards of @blgvdheitBasmit group of copdgtpremayiakse begepakard frge thsgachyeraymef e

pl ane of &}, B0Q%s %g%h@ or g&é‘drﬁfn WLCh i%rlaﬁf/oin%?ruétlg 1ok ‘ggsac%ec% Xl%é\%@rf .
advant ages. he reader 1's remnded that the above discussion relating
to paddl ehcean.dit @i daads, onsscparatk dblsmusblesonelfsemhsnit dvadedtorsdnd eat &d t o

paddl e cards, should al so, be understood as enconpassi ng.any ot her type of

t er mi nat i'6FFVAdBGIgTpMEY bs fla%ipgwt thie i (I GRREba e Pfg&r%s RGERESH i hear
arrays ofgong,_ 0 i uch
vy e R B R e T PSP B v
| i near arafanpbownftatdoniralet mainfameedsane st aggered, al ternating, and segregated
term nation styategies for e di scl osed. cabl.es.and term patjon conponents
can be.ermt oy et Gt sRided Rables Ga SRl SN e B DR hERaET ot - on F or

nmanys el ecddjdcel inGabEcatidapiotd iaat %%@é?lseon@i'&oﬁ YPtEahcté DR bREShIstatiat ana f or
hi gh speed |1/ O applications is that the cable have a | 0Ss of |ess than -6dB

at, for eyestpeeircquonepiguerioge §pms3-EhHkiHZ 9nd foni § masgranablle lenash.raad aeay wi | |

under st anegchi[bhtaa;[ higlfl ?r%ql?ef%l%‘ r’rE)slo?aitio‘?i.ble Sesen?lfle -iégnBC(%nSdulct%{s Set tagg Dy a(lij lagesn§ of -6dB.)
Such a spéciticat! oniplaces aimT on attenpting Lo mniatdfiZe a cable

si nply bycodguddgr schisopeg itciMfio@stht Girsttcbedu ket yeslpidohdysirassoftthe thtde)conduct or
sets and/or for. the drain wres. 30Inﬁgeneral, with other factors being
equal , asheReteyizedly ¢ewastplk @ ¥dbt wegified dieguencyi #5ldr2 1s at least 10 dB lower

20 than C1. Alternatively or in addition, the described shielded cables may satisfy a shielding
specification similar to or the same as that used in mini-SAS applications: a signal of a
given signal strength is coupled to one of the transmit conductor sets (or one of the receive
conductor sets) at one end of the cable, and the cumulative signal strength in all of the
receive conductor sets (or in all of the transmit conductor sets), as measured at the same

25 end of the cable, is calculated. The near-end crosstalk, computed as the ratio of the
cumulative signal strength to the original signal strength, and expressed in decibels, is
preferably less than -26 dB.

If the cable ends are not properly shielded, the crosstalk at the cable end can
become significant for a given application. A potential solution with the disclosed cables

30 is to maintain the structure of the shielding films as close as possible to the termination

point of the insulated conductors, so as to contain any stray electromagnetic fields within
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cable |l oss increases. Al though plating of wwre, e.g., silver plating, tin
plating, or gold plating, can have an inpact on cable loss, in many cases,
wire si zesonwldless7t han about 32 gauge (32 AWG) or sllgmtwymswmmmﬁno

whet her of solid core or stranded wire design, nmay represent a practica

|l ower size |imt for signal wires in some high speed I/O applications.
However, smaller wre sizes may be feasible in other high speed
applications, and 5advances in technology can al so be expected to render

smal | er wWh Bomiu€®s s@C BRPLAPE cable, desi g'ﬂ"e{éﬂ g PRWalb@e EhQ- or%@[fér téi‘ﬁm?a?i%nt here

a cabl e system 11401 whi ch i ncl udes shle ded el ectrical ribbon cable
11402 i n cvorponerdtcanalsubt rikredetommathincailequatp osyidlk isbl@@ndocthe agstempadd! e

card or the like. The cahle 11402, which have .a f the desi

foat ur es SR IRterFaRrdly sHale STHete P Eas S Rere e8RS shown
t 0 10have:x@ingPbssanadue Tté?ﬁun"aﬁlg and f’(Qﬁ!m? RelrdsWRd @b@iudtord £:88cidtéd #Ath tRaeh of
which is disposed at or near respective edge of the cable. Each conduct or

set is subeotsamel @pt%/asaahmcaimfapamﬁ frpmesach ethehas mﬁb@eé)@rﬂp;’lotlmtol nsul at ed

conductors 11406 each ¢ ndugggr set araferg%h);/@bel tail %(Egpsaltransnlt

and/ or re%elve R ‘Wgﬁﬁgl(ﬁb 835? 8Se Hev 4

conduct or a&&lbf‘card?wm&ih daulesed fautohsdticall g ebuOthd Yiphels Hn\ifférent Har@dk ven
1500nductor set, and other nunbers of drain wires (if any) can in general

be used fAPOsHeidsalof éhejpf-délz capd. ofothegjopgign pSafprt@mawe éRRevises @ sone
signifi C%@g@&&? 1&t9rah9§s C lSdik %%ﬁ)d%ﬁl%}/ea&)qﬂgﬁ e&?ﬂghﬁnﬁﬁf Qvﬁreg'ﬁ%hlgne‘j for

use with anes annel s", eac e or annel "having exactly
onel@r ansm&eﬁvep\alres a(mfn‘emamﬂsy)f dse stealeg'ivecapaﬂsro beTised Gerfertiadrligoldtioat or

pl anar d n of .t cable, and its desi racterlstlcs ow it to be
readily er?ﬂce%q‘éﬂ%?‘%%@a Fﬂﬁﬁ?’l&?é?ﬂ%%%‘fs n%eé]i“i"’ilﬁ%%oﬁl ng good

hi gh freQHﬁ&&&iEﬁb@kQHﬂﬂﬂ@*Au@@h { 88$9E§a5nﬁf@&ﬁﬁ§tﬁ&%@xh@éses The
nunber of drain wres |s substantially | ess an t nu

conduct orhesan by (rﬁﬁened ) cT\hmegstIta’raglens abh be msedomh thelizsebosed Bigh sieamtyi ratiboy
reduced w ch a redu be realize eninc ses wher e
the drai ﬁa&feﬁ &C%%&@élomﬂ% B%P@E%C%% %t?ﬁoe} é/“[“cﬁ’niﬂt?ézerf’éé? £d SRV N
(negs est ishbiabRPIGRUFHBLOA cAhd IO @Mc@hab@@&tld@s@nlﬁbamyitaﬁ S paCI ng of

signal wires in the nearest conductor set, since only two drain wires (in
this enbdﬂWW@ﬁ@% are invol ved. The ternlnatlon conponent 11420 has a

first end 1142Q0a and an opp nd 1142 |rs maj or
surface 11420§Hhﬁgmgﬁngnbseg%%%?%n oﬁ% %FméﬁPfaég %ﬂ%@ge(&%nductlve pat hs

11421 ar aemlﬁmcﬁsdand&h@usm ﬂﬁévﬁidr@@er@fn ditcort t6 paidentdrad)shod@dBposi tion
process(es) and/or etching process(es), on at least the first major surface

11420c ofundpiatood #pememrpaisiagany pthct tip& of tepamation. nEorcsamals: st@pephmee! ar e
di sppsed c%ﬂn@ctoryga%Q&a(uQe?lQ@egz Erg%lé)%%%' Bf REPBAR of contacts to connect to a ribbon

cable. Such rows may be analogous to those of a paddle card, which may also include two
linear arrays of contacts. The same staggered, alternating, and segregated termination
strategies for the disclosed cables and termination components can be employed.
Loss or attenuation is another important consideration for many electrical cable
25 applications. One typical loss specification for high speed I/O applications is that the
cable have a loss of less than -6dB at, for example, a frequency of 5 GHz. (In this regard,
the reader will understand that, for example, a loss of -5dB is less than a loss of -6dB.)
Such a specification places a limit on attempting to miniaturize a cable simply by using
thinner wires for the insulated conductors of the conductor sets and/or for the drain wires.
30 In general, with other factors being equal, as the wires used in a cable are made thinner,

cable loss increases. Although plating of wire, e.g., silver plating, tin plating, or gold
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suitable electrically insulating substrate, which is typically stiff or
rigid but may in sonme cases be flexible. Each conductive path typically

ext ends fwormidsoderr st end 11420a to the second end 11420b/Uskomioe0640
conponent. In the depicted enbodi ment, the individual wires and conductors
of the cable 11402 are electrically connected to respective ones of the
5conducti ve paths 11421. For sinplicity, each path is shown to be
straight, extending fromone end of the conmponent 11420 or substrate to the
other on ilithes BffehdBlaRlimpA b CELI ok I 1FARRANENYire koS GBI ARA%bo AT OF
nore of the conductive paths may extend through a hole or "via" in

subst r at ezasge (RaA W Far shglalypﬂnsa,lleurvdlqﬂmrbf mildacmﬂe onstragdel wfre tdhs;gquanety resi des
on one 10mmj or surf q and.a |on and t he ot her t he path
oo des dnent Sahstet Indtoi e KeTgh v Biset eloreas o ofloulpts: Pases,
sone of ti@yMef &fafBAw O BBECHAY Be Rlasibitein Gk @i c&f iptiatidhsCaduct i ve
paths (e.g. contact pads) on one major surface o the substrate, while

ot hef s ofadyhrecpity igshnpheiycandlsotbsres pecied tatrerdsh sm@llez,rdwmmz&sw@cmftmg (e.qg.

cont act pads) the o maj or. .surface of th t.e but At t he
sanme end of tﬁ@nﬂ n'W§§%§%%%$hlé“ﬁﬁﬁmﬁa @% |sﬁggpg%“%1ndu§ htIy

bendi ng tdheldddsechiical FiBbov ¢abke FIA02 @@a&usﬁl@tﬁ@l wﬁwarta»nﬁmd;@n@aﬁeml or
surface, or downward towards the other 1or surface. In sonme cases, all of

the condUdd’(sughasiedaddiercartsribe ke t ha eblest 1A% witich ey dave oy ofrtBe n wi r es
of the S*Heﬁﬁgﬂ?&t&%?éﬁd HB}‘ac*Pe%sﬁbssﬂl%%dma'&FQd?ﬁeH‘éls%h&B hERRE 150%10%%

substr at n SONE cases east one o € conductive pat
di spsed hanc oight @dwiagtor scsut Fdendtwd denis whlss indie, eaa:rhd)fazthutlemsmspasmltdner of

t he conductive paths b Spos opposed maj or surface of the
subst r at € "FH &GRS ectxg plee iy BB 16158 CerhuhE SEtdﬁ8W4n%llbéf‘ﬁ’§laﬁﬁ§rlr’have a
first portd %chpfﬂcﬁld& i txﬂ@hxféﬁla@é&rd‘oﬂ&&t gﬂm %b!él?écfnﬂh&o@éet E}F&@erfaﬂ)l st end,

and a second portion on” an opposed second maj or surface of the substrate at
t he secorgiretdilored tcsmmsnuafaeiéqr red¢cierngh bpegd detadumibr Qfepsrsofothére shi el ded

Cubst r at e e Ra SRR S s S SR Db her cof has a

W dih W2.cohBud¥esin laad ¥ierhedbdas Bt énalﬂxbﬁewlﬂéﬂy Whn Bf gchBRl bétded fbsthpot
significantly Iarger than the width w2 of the conponent so that, for

exanpl e, aehle ldém eEighbtivinot pdies aroheieeycovesorny sipuificinsd du@geithh@msang its end

in order to ecess connecti o betmeen th mﬁres f the cable
Lt he! s STBEE of PR R ISRl ERRATEL WAMTo e RS Tof AP el Hnd 7, Sh01 5

greater tdhaﬁheNBawbgl Exdutlly |o|ne samdnhit A0 BPhe:s0tly bad rebbiec prids Thé géﬂk&l@dﬂﬁ! uct or
sets may be bent WD 2012/ 030367PCT/ US2010/ 060640 in the plane of the cable
inaf unrRJEIP langhdesf st thicabhe. gRdiEp deie rmedaristies, @H@Wa%"é’&?lrﬁ%dé]éf beBiRIuct or

pat 'dulm}ﬂ[lgt%& LY QD SRR 1115 gl%c?‘ g gﬂéﬂm?‘éfr}i%dug%oﬂﬁet he

cab e at a near the connection pol nt. ual to
or | ess tdoaduaé:. scfSaindanddpoabdd loﬁmr Tak aumbd:r qaddh evieaK2)sis swhstaatialllylebsave a

Xpﬁf | cat i 6 GHmPRES Qi Py DB It LR B gioman ey
reduced width wl. Such a reduced width may be realized even in cases where the drain
wires 11412 are spaced relative to the nearest signal wire (nearest insulated conductor

25 11406) by at least 0.7 times the spacing of signal wires in the nearest conductor set, since
only two drain wires (in this embodiment) are involved.

The termination component 11420 has a first end 11420a and an opposed second
end 11420b, and a first major surface 11420¢ and an opposed second major surface
11420d. Conductive paths 11421 are provided, e¢.g. by printing or other conventional

30 deposition process(es) and/or etching process(es), on at least the first major surface

11420c of the component 11420. In this regard, the conductive paths are disposed on a
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16 mmor |ess, or about 15 mmor |ess. FI GS. 30b and 30c are front
cross-sectional views of exenplary shielded electrical cables, which
figures aveao#siisy paraneters useful in characterizi ngpPChasdenssisyo of the
conductor sets. Shielded cable 11502 includes at |east three conductor sets
11504a, 1011504b, and 11504c, which are shielded fromeach other by virtue
of first and second shielding filnms 11508 on opposite sides of the cable,
with their respective cover portions, pinched portions, and transition

por ti ons SuliaBlc¥ e RRua SR SlREH-CARIR ik} BR2IY LRV 3G dIRE MY e scthe | east

t hree coﬁ%Uctoresé¥s %16%2§?%1160481 aﬁdll%g04c¥ mhichgﬁre sh'el%erfrom
each ot hensdsyevflexitle Bichfdonductiagathagpinalysértelddifrogn fhielfivst chd d08204Tioghe
conductor_ sets qf ab 11502 contajn  different .nu rs. of .insul at ed
conduct oreSonssed. | PfFoLBr aaepertlel b 4ipicoR sTPRy A Tt e
11504b hamirendfti&s of MRa6IeNUYeS AE cRRIrickAp g cbRY e Eeshiive bREs &F thavi nax
design). Conductor sets 11604a, 11604b, 11604c are all of tw nax design,
havinhg exaodugivenethefll4He i nsul at ed conductors 1606. Al t hough not shown in
Fi gs 30b and c,.each cable 11502 11602 preferably also inclu at | east
one and opt | oral PyBGte PRy St Nt SRR o Sl o

bet ween tdaenpohér1d42@orf dubsBatato BE ofiRabn tHiesaBRGe4j6) suefacé bLthe abhmPosdneh as

shown in Fig. 1 or Fig. 30a. In Fig. 30b we see sone di nensi ons
i dent i fi 8 sPRgcascs) aeer mpre pbthg capdustive Aaths maEexennh duerdy shele of Wgaady acent

conduct or t i ] . 504b. The
noul at ed s SRR M IBE - SRS bR0 DRleh ALLREER o AP R Rlia g T A ane

25t hee | efrhajopsirfaCé ranthahdbcperrspeaid the odfer tikofihaphthaysidessoml tht eppbasediduct or
11506 of set 11504b_is nearest the set 11504a. The insul ated conductor of
set 1150483RRIIRRC glithe SULTHS SHaP IBEOMS Apor-HEMeSH thenies NHONANERHS Obnduct or
of set 14a0dh10an AOW ShdfLIRIRIRNe DeonfepaRIbEbAL finfif BhiFlcctiRAY al | on of
t hese insulated conductors 1s 51. If deflﬂe a paraneter Dmn as the

| esser ofsubitradmavhiiz othdneof the wimy asp ewiduygtoforanattdenwelopdpdiok edth30shi el ded
cable that Sl /Dmn i@$in a.ran

e froml t .
20121 030367 BEnT O BF OBbRHS Toor surige &f s s GuateIERhe 5B PHLE Bonduct or
set 141504 nipona] %ﬁs%aﬁ@@é)dé@ﬁ@ﬁs&@tbyjel%'i@ﬂ%htlyﬂ*&idfﬂfgﬁé oK thdWwitbpdrRyd
conductor 11506 of set '11504b is nearest the 'set 11504c, and the |eft-nost
i nsul at ecopduriers upwardtep@rdsfons arajdr 88U, psdowawardtiovirds dwtotharsoder.  The

right-nost 4nsul ated conduct 11506, . of t 11504h. has .an .outer. di mensi on
508 and PHAT dpebRE ERNHEodhe ORERIRASF oletaaR RNEA il " out er

di mensi omn@¥r didie weRB bethe tshrckiRAlcllc Siyecati sppeddn diasgjotr Aticabethecconduct or s
is S3. If we define a paranmeter Dm n as the |esser of D3 and D4, then we
may specisthstias 1 sqr<assy, Paeasbancstfiths erlustiv rathsyaey kadispessd P8 opgy a range

froml.7 rﬁzﬂolssurfa@? gg fglte s{%th(fraYé? an® 1§&g§n£ﬁ&%@%ﬂeo&ﬁdﬁ&%tpiaiﬂs?ﬁlaytﬁl:at relate to

cables havi'ng at
disposed on an opposed major surface of the substrate. In some cases, at least one of the

conductive paths may have a first portion on a first major surface of the substrate at the

first end, and a second portion on an opposed second major surface of the substrate at the

second end. In some cases, alternating conductor sets of the shielded cable may attach to
25 conductive paths on opposite major surfaces of the substrate.

The termination component 11420 or substrate thereof has a width w2. In
exemplary embodiments, the width w1 of the cable is not significantly larger than the
width w2 of the component so that, for example, the cable need not be folded over or
bunched together at its end in order to make the necessary connections between the wires

30 of the cable and the conductive paths of the component. In some cases wl may be slightly

greater than w2, but still small enough so that the ends of the conductor sets may be bent
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10one set of adjacent tw nax pairs. Conductor sets 11604a, 11604b represent
one such set of adjacent twi nax pairs. The center-to-center spacing or
pitch betwoenizdiexe two conductor sets is expressed as BCTNAIS$R010/060640
center-to-center spacing between signal wires within the tw nax conduct or
set 11604a is expressed as al. The center-to-center spaci ng between signal
wires within the tw nax conductor set 11604b is expressed as a2. For a
densely 15packed shi el ded cable, we nay specify that one or both of /1 and
Era2 is g9 sl ortne Abld BSRHRAM B lhioh T BrdbARMRNRERT fhedsleRiattd In
Figs. 30d and 30e, we see a top view ang side view respectively of a cable
syst em 1Xkp0duactdri eithsi wblle stels presehinglthie genelalytpl arma bonfigubgoncdithecable7f2 i n
conmbination with a term nat.i o onent 11720 suc ddl ¢ card or the

ore g abhhs ot e Do aTE R E e Bt st Bt REarE: oo ang

char act erggiviefiSorah MR cRiMlc oAl DR @HSRMIBLR NeTdel 8f 19.6 niigiMrs, hehdy e
ei ght conductor sets 11704 and two drain Wres 11712, each of which is

di spbsed itis dgpirabdain 24 lqastsyoestapplicasigye fafthe shacldebeable Bdere e sndthof ebowet i s

substantial ly a tw na i i.e., each includes only two insul ated
conduct or% %ﬁé?sse(gc/‘ﬁo tgfnstrj%lc (gﬁessSEt preferably being tailored to transmt

and/ or recei VEFIGISgBOs peEY)cdRd doff GoRlcticthal Vigtvs @8 ckdinfthg.shidléed didegridalinber
of drain wres (,é&éi s substantially | ess than the nunber of conductor sets

(8), al | sblsg WiHeh Eawcealsa denictRaraacers asefubis hatacterizipe teaidensty af then
relative céﬁdﬁct&as@tse sﬂ?egaéagchﬁen%hz Eﬁ’é‘i’ua%?ﬂ@a 1S ARG IGYF fgaSeL, ToOr
uc W dt may 1 Z

exanpl e. a reduce e rea ed even 1 n cases ere the drain
Wi res 117113040, end 1a8®Lt, ivbichtary ehitlded fromneaal edicr By ginak ofifirse afdemordt

i nsul at ed, conduct or 706) by .at .| east 0.7 tines the spacing of 30signal
wires in hirne _ﬁr@%l'li"éwewes%éeﬁ ith?cfélzlﬁnwgr}ﬁt%r WPRACHY PO POTONE hi 5
ebodi MefictRl BoiHO! 8 %nsHoh BOIRAOIAABKALTALEZORAMOPORAO1 1602 likcTRE

term nation coﬁgonent a first 20a and an opposeg second
end 11720hcludescht lcast thbesondistirtsats |14 6844y 316 tbe amd V1 6dgcawvhich ste sejldad sur f ace

11720c and an opppsed secon |of surface .11720d ndycti v at h 1721
are pr oviq%@'ﬂ_eﬁ)%(g erﬁ’é’a‘g 4t ﬂgﬁrgﬂrgitseﬁg}dnﬁneiﬁpg ﬁi@s H@O%fco{lﬁ%&%@ﬁéf&at e.
Eacis condislel M80P 8éiaih \ipfifsaht ninfetLordgsuddté PBaIdEofd 11506 80 ddndieRr k@ t he
second end 11720b of the conponent. The conductive paths are shown to

i ncl ude cdaf4ahapagiencaronshictor sefdd SB4b hivang tgso archeonduptor pré 11 5Qderkavinge

i ndi vidual wires and conductors of th I 0 e sh as_hei ng

el ect r1 oot Py SRR OB e SlfeRr o B1ERR b BRSO 8RR 1001
t he corr erpighdhavihgcaxatdetwdatthe MatiRtddhahdidiers 1806.ah thesihdios Shisaeih EEsewher e

herein re %raglidg c,pelagl(l: ga{{)?g 51502, 11602 preferably also includes at least one and optionally
20 two (or more) drain wires, preferably sandwiched between the shielding films at or near
the edge(s) of the cable such as shown in Fig. 1 or Fig. 30a.

In Fig. 30b we see some dimensions identified that relate to the nearest insulated
conductors of two adjacent conductor sets. Conductor set 11504a is adjacent conductor
set 11504b. The insulated conductor 11506 of set 11504a is nearest the set 11504b, and

25 the left-most (from the perspective of the drawing) insulated conductor 11506 of set
11504Db is nearest the set 11504a. The insulated conductor of set 11504a has an outer
dimension D1, and the left-most insulated conductor of set 11504b has an outer dimension
D2. The center-to-center separation of these insulated conductors is S1. If we define a

parameter Dmin as the lesser of D1 and D2, then we may specify for a densely packed

30 shielded cable that S1/Dmin is in a range from 1.7 to 2.
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10configuration, and arrangenment of the conductive paths on the substrate,
and pl acenent, configuration, and arrangenent of the various wres and
conduct orwoab1zd3esscabl e and their attached to one or botrhTafS2al0mc0ea¢ or
surfaces of the term nation conponent, are also intended to apply to the
system 11701. EXAMPLE 15A shi el ded el ectrical ribbon cable having the
general |ayout of cable 11402 (see Fig. 30a) was fabricated. The cable
utilized sixteen insulated 32 gauge (AWG wi res arranged into eight tw nax

pairs for signgt ,Wols Qémﬁg% V‘tﬁat%ﬁdﬁc@&ﬁe@iﬂé4?% ndpce t%ﬂdﬁ&o@&e&anged al ong

t he edges of the cable fo rain wres. Each xteen signal wres
used had 1d4584¢. |Hle(rrmgipenos¢:mselar/adtdmnémdtmelr15ﬂ6 af saﬁ@,lSl]Zl’nelsmwedrthn wtw res each

had a str d 20¢co ruc 7 strands re tin- d. The
sl at 1 o 0T eRg Trerave A onai HRF AL Ss bR st B %t o, 025
i nches. Th&osh. XTE@H% ItOEK 3 Qb RNhnHNRoN P50k 1% Yétal §UHhAseH AL Rlith8hidt 0 a
device simlar to that shown in FIG Sc, sandw ched between two shi el di ng

filns. THe3.ohil dedefignast insslajgdraondedion Hﬁﬂﬁ af bgp 1115@4ethiag an ou@ndlnhf:mwmr%
fol | ow ngnconstructi base aster 0 ches t hi ck),
Irife zc,grétglrr] 19" ﬁu?er seParatlon ofI tﬁ%ﬁe Ansuk atgré) i 86[8?81& g3 e\ge ?" ka) Was

on which a ous tayer i'nc

di sposed,p aeaanemi mﬂalxaamaldsm@ﬂ$)3la@ym4 @ieneiz@ﬁlhy galiflyfonDder Ol P citddv e
adhesi ve Sgo 001 inches thick) was di sposed The shielding filns were

ori ent ed shisddpdroahle thai S3ARmMA) isdparanggdrast [7He 2f i | ns faced each ot her and
faced the CO”Ciﬂ%ﬁgrsogg%zse%g&gﬁﬂfn?&ﬁ%ﬁsEd%ﬂﬁﬁé h%ra‘r\@&) %’B%H ﬁﬁgaﬁ% ees F.

The resulting cab I'S process was ot ogr aphe own in
t opl¥i ew ani sk cg“ adjsaﬁént t@zhﬂx@rairé%OGbﬂldlmue Swtis &\M(Bfa 1 bed4bndpefcnt bee arhlset dfs
shown in Fi gures, 1804 refers . to the tw nax conductor

g. th
sets, and‘djasest trvgnaérpélrﬁ %b%enaﬁrép THENET shacing\gHPEeh beysers B ey 499060640
The resul %rsngeglﬁ]@;s@d gjrfa%om@cérﬁ@r% -her t 0& n%qrétv@éenepg%pr}rr@r Githi 8€ the solid

core in the in nduct or used f e signal”wres. Neverthel ess,
certai n pansxeoedstarsdt tHddact expressédss of. Tltwe:emablt@cmls@acbeg betasen ed,

t aki ng into CCOUI’lt rrectin Nn- concentric For
e PR RN tEE 5 Cohdh ol st R SR PGS B FoE B DAL ehes.
0. 0045 i nabrs) shadldbdbaBRE wie ccifeBResd ot dovh o s Pand EQ2 i9fesgitahar oone of
the shielding filns had a radius of curvature at any point along the width

of the cdbisdhasf3,losgsa tangn OO 2D dns, in transverse cross section. The
center-to- center om.a n.drain wire to th ar.est..i nsul at ed

wre of the ndbralt LML Ek G K udt BBl Reba ARt AR bRe
cent er - t gysemt ©708 paddhngclafies hehidldsd i adtechl Wibbes cavlé i 7026A¢bmbination with
a termination component 11720 such as a paddle card or the like. The cable 11702, which
20 may have any of the design features and characteristics shown and described elsewhere
herein, is shown to have eight conductor sets 11704 and two drain wires 11712, each of
which is disposed at or near a respective edge of the cable. Each conductor set is
substantially a twinax pair, 1.¢., each includes only two insulated conductors 11706, cach
conductor set preferably being tailored to transmit and/or receive high speed data signals.
25 Just as in Fig. 30a, the number of drain wires (2) is substantially less than the number of
conductor sets (8), allowing the cable 11702 to have a substantially reduced width relative
to a cable having one or two drain wires per conductor set, for example. Such a reduced
width may be realized even in cases where the drain wires 11712 are spaced relative to the
nearest signal wire (nearest insulated conductor 11706) by at least 0.7 times the spacing of

30 signal wires in the nearest conductor set, since only two drain wires (in this embodiment)

are involved.
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10conductor set (see e.g. paraneters al and a2 in Fig. 30c) was about 0.025
inches (0.64 nm. The center-to-center spaci ng of adjacent tw nax conduct or
sets (seewe.2012/w3bs7paraneter E in Fig. 30c) was about OPOTAB20m00b@ss0 (1. 8
mr). The spacing paraneter S (see Si and S3 in Fig. 30b) was about 0.0465

i nches. The width of the cable, neasured fromedge to edge, was about 16 to
17 mllimeters, and the spacing between the drain wires was 1515
mllimeters. The cable was readily capable of nass term nation, including
the drain wr €fhe termmatﬁfn%ﬁﬂbﬁ@ﬁ lqe}hﬁ'ﬁés é"ﬁrs?@tﬁi H‘?Qha aﬁ@gn §}§lﬁﬁé@9&05ﬁ@m the
drain wire to the nearest signal wre was about 1.3 tines e wmre-to-wre
spaci ng wntlHilA2@yehd trwilmiax apaiitable $ubsisgte hpeag e rﬁr$thm301osu?fa‘c¢ hER Ot hed an

wWire-to-wire paC| the ab n ara a was ut 02 86,
e P s R et rERE PV Wt Rl T 7L Rt RSP S b
was aboutthd fifst ndaj&-surfhdt £1720¢ 8NEE shsadlcl E%cﬁ @or?ducﬁ ;f)dftﬁft}’ﬁi’caqi hleltch@d i mum
separatlon of the pinched portions of the shielding filns divided by the

maxi frum sfé}mﬂ@tﬁféfrﬁﬂﬂeltl\ﬂé%tqtlhé S@@néuenqbbﬂzﬂbmi thaf cqnhr@nsm &mmgdliqtllvms) was
about 0. 05 ar€ shownd} c ¢ con, ac? a?dg at %ot% dsegﬁtht hgn nen Fh %trl d2/ D
(nlnlnun1se ara% 3%18e? n‘%ﬁ RoVer porP]ons of °T'Re ﬁl §'ﬁ§ fi'ms in a
251 egi on kil Renwirasitldajoadudon &l eiciablcdi1702led shywhhe by crodtricapar at i on
bet ween the cover portions of the shielding filnms) was about 1, i.e.

gr eat er tq@aﬁe%edsts respectivengies obthe sondstive Rethyd Hi2d %ﬁhqweémﬂd@g(qon@ct about
16 mm ed o‘?éiggt th@@gnétﬁ)‘ng d%gs%@ gﬁlsgg%éghWe{nereg%dglrggJ:l&e}Qfeﬁfa) was | ess

t han the mﬁdt a convention Intern e out ér nol ding

t er b9 nat i configlirgiorc ahd yrrﬁﬂgeindﬁtﬁ)f thandncmtat)ué pitheors tieBubsratd)end ylacaadnt 30w dt h
of a m ni-SAS paddl e card A smaller width than the p | e card
al | ows smﬁﬁgmgﬁ%n @89 BHangS %tﬁlr ﬂ%thF VBAPSEIES AR gop Cf%og@a&r@e 3 gle\m th no

lateral agUslimsBhe 8f b tM\QfHQJn% 913&3&2 %Wth@%%ﬁ!aﬁ@@@ P, Wd fs£ndS

needed. Even if the cable were s I gh tf} wi der than tﬁg termi nati on board or
housi ng, itteedaitbepplyito ¢hectysteth bF0dout ed or bent laterally to neet the pads
on the outsid iggﬂﬁﬁgff the board. Physically this cable can provide a
doubl e densit?E ot her ribbon cables, can be half as thick in an

assegibly (si ncg spiBRicl @ﬁ:@trfcalhmnlcﬁble%@dﬁg)the Shdrat 8o dfRMbIR 11202 et hi nner
connector_than other common cabl es. The cabl e ends can be term nated and

mani pul atfég 308) Wﬂyfabap@tacbl €hq eabid @tﬂlaeé sxtaenaetulaipd B2 gauge (AWfal Waes conponent

as di scussed e her ej n now,provi de f il.s
o gar d ot efleE] BB RN Gl for ynal Vish A B S YOS TG AIPET MRS L

feature. al@hped®blyg Ok eti@@ @tﬁec&meeﬁ)r afmlebvﬂesi E&@Cdfrthecakteexamg@a,w@esdr ain
wret hatusgg1 Escf a (sj(;l{dec%tloper core with silver plating. The two drain wires each had a stranded
20 construction (7 strands each) and were tin-plated. The insulation of the insulated wires
had a nominal outer diameter of 0.025 inches. The sixteen insulated and two non-
insulated wires were fed into a device similar to that shown in FIG. 5¢, sandwiched
between two shielding films. The shielding films were substantially identical, and had the
following construction: a base layer of polyester (0.00048 inches thick), on which a
25 continuous layer of aluminum (0.00028 inches thick) was disposed, on which a continuous
layer of electrically non-conductive adhesive (0.001 inches thick) was disposed. The
shielding films were oriented such that the metal coatings of the films faced each other and
faced the conductor sets. The process temperature was about 270 degrees F. The resulting
cable made by this process was photographed and is shown in top view in Fig. 30f, and an
30 oblique view of the end of the cable is shown in Fig. 30g. In the figures, 1804 refers to the

twinax conductor sets, and 1812 refers to the drain wires.
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or indirect electrical contact wth one or both of the shielding filns
makes such el ectrical contact over substantially the entire | ength of the
cabl e. Thwodreia3ol’re may then be tied to an external grPol$2@oNMBeei on at
a termnation |ocation to provide a ground reference to the shield so as to
reduce (or "drain") any stray signals that can produce crosstal k and
15reduce el ectromagnetic interference (EM). In this section of the

detail ed description, we nore fully describe constructions and net hods t hat
provi de el ect riigAbyfafl Ablc 6! MFERCA &b YEhRbRlShothtiRitABIIR (Bl BteShil €l ding
filmat one or nore 1solated areas of the cable, rather than along the
entire cab¢ eshletegtcondistoraseed far tiessige enres 0 Nehathebass toeteiniparesnaierd andt hods

characterized hy.the electric cont act .the isolated area s the
on- donand5GEEHsnaRe SoId CobpeREh i Birrate Ghegreins 8%, he

shi el ded paRloRsSgsE) kiRd Fal saMhaE andbemtinSionWDel e d2 (s&erieabb pwiid aBBgte to
include at | east oné drain wire that has a hi gh BC el ectrical resistance
bet ween th@&&inghas, QOO LS iapkksaand @B inghes, slypestiaitlyg Nd pariiever cidict ot of or at
| east ov .substantial, portion of  the |length.of the.drai.n Wre. Such a
cape nay e SRR PG ¢ R SR PRy Shashn S B bbfata

t echni quéessabarad0 mkiroAiretars ddtkEcrodN@ clivi. I 'Eied @ftce-ablcenteadpatingfirobea t r eat ed
in at |east one specific localized region in order to substantially reduce
the DC r eBYSx HAGSViEhE the BeArers inspkiadrvieapl Bepeest tyiss craducisecyasor

i ndi rect )Rt 08§ N AL SR OB, SPIELALARL AT Slyhilathe | ocal i zed
regi on. The resi'stance in the 1ocarize region nay for exanple be |ess

t hah0 10 alondyctarsct @ssc.ghgdrardetddatinmd orin R SDanwvasadboyt .62 irches(0.64W0

2012/ 03036{35’CTLU82010/ 060640 . Jhe unt r eat ed, cabl e gﬁaﬂy i ncl ude at | east
one drai M e1° GNTIGLCISHEPAEHIRA GG Y HX SARAVSIOT PEASYC Gre TConduct or  set
that i nPgd%@ﬁﬁet&tZ hﬂﬂgb(ﬁ?%vak Q?dﬂt@t.(ﬁ‘is %@é’@t@hm?‘.l'Tth%?%gé‘ciﬁ%)ﬁar%étrei/sbeeh' gh
speed sidgnals. Fig. 3la is a front cross-sectional view of an exenplary

shi el ded &l axlt33 iodlig.3ab) wad 4802 06T mcheyy Berwidthasf the cahi¢, mecsedd ¢@bi e,

al though virtually 5a r.shiel ded cabl.e shown or descrj bed .herein can
o) 50 badshio S whtbed Lo Bh! PRIRHEES ERT B Bote bty o S BT 6645 41 0gab,
11994c, Wi @hli@eehs. Il UBIR vaRecHily TPl BSMhatieehiaaRMY ficfidng thB@rgabl e al so
having six drain wires 11912a-f ich are shown in a variety of positions

for denonsitgsati on purposes. The cable 11902 al so includes two shiel ding

film 11908 digpased oniQPRAREL fapi fleS,oind HEnSRLS AN, Pr EGEARLY having
10r espective cover portions, “pinchie p%rtﬂ%ns, an%r P Aangirti'sn porti ons.
Initialligral Wx8-wasabewdl3 Mscathesird®d-Wwht epdcitlg Withiatche twiRaROpdia fius,
non-conductive materjal separates each drain wre fromone or both

shi el di ngreaterian & dinggs dhawigprie-wikcrpagpg:dhel Fade densiy syrametey X wvas about
non,gcond i g ri t i G . i el di ng
1o o e L P e D b R o O A e DOt IR B0, 1
drai n w rle7,ar., detherdngenfr@n 157 fod: eld ragd doD (hrieiatuad sepagition of Thegriedictier, a

suitable treat t process.is _us to accomlish thjis selectjve electrical
cont act Wﬁ%ﬂ’%ﬁ&ﬂa?h&%wﬁ%&m%w B SerpafippdRiwesndhg fR¥Ehi el di ng
films 11 ions of the dhitdRBng Filfs) WakCabo W03 AR thdnQM 5 HILAS RESHhhPDAL Vi ews
of shielded cables or portions thereof that denonstrate at |east sone such

t r eat mentthpradioek4eeninimumisGardidndztween20p ootdr portwhs af thhiskictibog Blnecinra cal
¢ ab%e 12 Or(e)gioil %(e:tlwue%g ?ns%&?e%sc%%dgc%res} ld?\ilidech ‘t];3|1 tlhremma])'(%r(r)lgr%’ se]g'\ a%gtri]on between the
cover portions of the shielding films) was about 1, i.e., greater than 0.33.

Note also that the width of the cable (i.e., about 16 mm edge-to-edge, and 15.0 mm
from drain wire to drain wire) was less than the width of a conventional mini-SAS internal
cable outer molding termination (typically 17.1 mm), and about the same as the typical

30 width of a mini-SAS paddle card (15.6 mm). A smaller width than the paddle card allows

simple one-to-one routing from the cable to the paddle card with no lateral adjustment of
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of which may include a conductive | ayer 12008a and a non-conductive | ayer
12008b. The shielding filnms are oriented so that the conductive | ayer of
each shi ewvgi2zo/ddism faces a drain wire 12012 and t he ot rer/tshéielociong fil m
In an alternative enbodi nent, the nonconductive |ayer of one or both
shielding filnms may be omtted. Significantly, the cable 2512002 includes a
non-conductive material (e.g. a dielectric material) 12010 between the
shielding filnms 12008 and that separates the drain wire 12012 from each of
the shi elgi fgclchliiBechdP OBven iR t1RAUTBIGAS li%l%ﬁ HBL @5 AHe td A4 QiR aREoOT

! 3 .
conprise a non-conductive conpliant adhes matertal. In some cases, the

mat er i al hb26ihE, theyputeewor codldbeirgeed ot bat hadghlg ta meditkd padsonghamitede al such

as polyolefin t hi cknes f. less than 0. 02 r .30sonme ot her . suitable
hi eknessaepspiaBodids BEMETy Hia el ain Aoy ey Dlsehitt Tiew ot GOt i
layer thalbrQUahDcPIE a@[hi&@ﬁlrhn%@ée%lﬁq%g@nd‘e'dn@ﬁes@"rib%n {stheeddd) anmanhashur e.
In some WO 2012/ 030367PCT/ US2010/ 060640 cases, the material 12010 may be

in the fdpns gfinngr connecion shanathesgomaoarcableat Thovahlgendsean bataimmiates gndi or t o
cabl e mangf actur.s if ANk AL ENEA DBl ad, GARLS kb ioANicBL GaRG, Seh amt er i
may not ex%e?‘nlg hto tha 8] nched grons A e "EEBIE ORIRORE R & &N i nent
shown i n dHegheredkBeiand 31c. 5To nmake a | ocalized connection, conpressive
force and/or heat may be applied within a limted area or zone to force the

shi el di ng fi | n¥cnopOBoYiAe Hirper Aefrdnicgadimeshicddad rihen gablenthehcanpampleni n wire
12012 by effectivaly. farci e material 12010 out of the way. The

el ectri cflﬁ(%lo%e%%ac?%%%%%f&}%gt or indirect, and nmay be characterized by a
DC t@si st ance Inmdnyefltlacdibdlaed shickirt etbctragl aiblof a Heaswirbamt hhkedhdissct or | ess

t han 2 ohns, ..or 10substantially zerao ohns. (Unfreated portions of .the drain
wire 12018 Rl ?]18%}“9 cplaghydt e ?rw%%ggﬁhaé@afdf%ﬁ%nmﬁa@isa%lﬁﬁﬂ?% | m and
woul d be GhaLAGE 51!135%91&%}{ ﬁlee@&ﬂ{brlgg%tfé gﬂh%tc%ﬂfé? ThE dShin %zi%%@amgﬁi)e tigxcept of

course for the fact that portions of the drai'n wre
el ect ri cablay cxermégtound cotrectdn &l adicmginhtidmiottromutgipravhde 4 gané dfgrontd ton( s)

of the drain.wi,re.), The treatnent, procedure be repeated at, different
5ol at ed 7 iSaP o fregutr TR L BTNl Bt S BRRRE Sosi @ ber f or e
at il ti pb@ydeeRicabpdgiiRaftelbrchBEEMND! en tis @0MoRbV B dSiaNed 8esttifiion, e

shi el ded cabl e al so géef erably contains at |east one group of one ore nore

i nsul at edneiedhldy desicriescdngiruetiogh aspawthodathat pomidernlessiigad pontaqi beivGen31d, for

exanpl e, shielded cable 12102 .has lurality of. twinax caonductpr sets
P08 wi (@ ar SR EC e GERan oy ot el bR S REEPE 5550,

i ncl udes rdthat thatvkloas tHelchlize cabls Wagthf Wkbdhet{nledkdRato the td@diucas® down as
being tr en?étﬁgdsi clillalra';lc‘;seilriggcli gy tshteee?e’ctrfic%{ coen)éa?crtrg‘l t(lale isolated area(s) as the on-demand
20 technique.

This on-demand technique may utilize the shielded cables described elsewhere
herein, wherein the cable is made to include at least one drain wire that has a high DC
electrical resistance between the drain wire and at least one shielding film over all of, or at
least over a substantial portion of, the length of the drain wire. Such a cable may be

25 referred to, for purposes of describing the on-demand technique, as an untreated cable.
The untreated cable can then be treated in at least one specific localized region in order to
substantially reduce the DC resistance and provide electrical contact (whether direct or
indirect) between the drain wire and the shielding film(s) in the localized region. The DC

resistance in the localized region may for example be less than 10 ohms, or less than 2

30 ohms, or substantially zero ohms.
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wi th pressure, heat, radiation, and/or any other suitable agent, using
treating conponents 12130. The treating conponents preferably have a |l ength
(a di nenswonrowlmnig7an axi s perpendi cul ar to the pl ane ofCrhs2anavdong) whi ch
is small conpared to the | ength of the cable 12102 such that the treated
region is simlarly small conpared to the Iength of the 25 cable. The
treatnment process for on-demand drain wire contact can be perforned (a)
during cable manufacture, (b) after the cable is cut to length for

termnation prﬂféelﬁﬁ’eat@&):aﬂgﬁiaggnélﬂ& 8Ll g%[drgi? aﬁ?@%?f%%t(oﬁg@ﬁ‘ieldlng film,

si mul t aneously when the cable”is term nat after the cabl € has been
made i nt andnt kaitlone assdirhirget(tbatgnclbyesat ﬂastrmerinsudﬁted emductat swnbkdoponent s

to both ends. of thec bl e onbi nati o thro (d).
S0The. tr SATNBRN L TSEOVEONS Bitap [4isd B erproa 0B gntat b B PR e A ai n
wire and sﬁf&@déarel&%éll sdH1€ 1 9020 Rikh FRy ¥BM ¢ lah a® QAR FRSQS I hitdugR veampgessi on.
The treat nment WD 2012/ 030367PCT/ US2010/ 060640 carried out at room

t enper at UNE ometr hﬁllhidgdu cilde showoedeseried hoeare ea a}lscubef @ﬁeﬂs Thpeabtad é?Q2a| s and

causes contact,, or at exanp

t her nopl as‘f d thrteg Con(fu&or Satﬁgg%(ss‘ge @%’ ‘f’% e%%hlnci’lg%anef rm‘?rr eat nent
may al so ihgitdtedleordiatiovs fen@blel augoa&oﬁigmeaﬁhgwlrépltmeaarvﬂﬁch ﬁe@h&em if® make
the contact. Al so the treatnment. 5 process may be aided by the use of

conduct i \»@rlsfafrq inepigiens for demprytision purpepse rihgicalls 14903 @1%111@%16%%’?% ding film

and drai o) and/ or
shi el di ng hgl(ilrﬁ# ﬁ %ﬂoglégpg%%ﬁ%ﬁﬂptgrsg%lg% %t@ﬁg‘abo a&dh& ﬂ%d}p }c]fwelﬁ%ct rical
cabl® assespebtyvel@ROdporsbmypinghad partioms, aw&trmmowamnso ﬂﬁltlanny whionh one nay
choose to provjde on-demand 10cgntact between ({’al n wires and shiel ding

films). PRIYEVR afhesiiearaterial o oEich eempliast feR-canductiphBAtesiahicaarrses ach s
connect edyah AR RoRRAE of B@tﬁ%ﬁfel&lﬁ% oy Th"etdr%'ﬂv% 1&in a:h%,%lg@ The

termnati on conponents each conprise a su strate Wt md%w du conducti ve
pat hs pr ownewddudiere emterfab theetbetveancat cadrguectt sodhatttioe $Hn@dmg§ﬂeman\be Wi res

and conduct ors of the cabl he c 2202 i ncl ud veral

O oo HRAR nie e bR e R e e R BBt B set s
adapg ed figfalRb@br sQeacgRdha TherFaHEY, & 8bitdh tr&%eﬁﬁ%&ssl%mé’d @ &eohpLiudes
two drain wires 12212a, 12212b. The drain wires have ends that connect to

respecti \ﬁbIScs@ln@rwtqlsﬁérlcpaéﬁwa@fbe@m@h apg phihealepistedcomp ovieastl 19127ef ehdethe wi r es
are al so sB m@ (e.g. covered by) at |east one shielding film of
t he cabl €, pre 'y are positioned between two such filns as shown

for exanple |rFIGI$e3uf G36-and Qs eatd Poilcross8v&ionhl Vib&Sof shidldahehbillor Except
for localized treat ed areas or zones that will be described bel ow, the

drai n wi restianshergof thatalemonsteate at loash Rame peshitroatagnt pEvcsss: Wi K1IG. Shea, 2
shi g} di 2%10}1!1(%{%&5% h?éld@d‘é{ecﬂﬁ&dgfcaﬁk 95602 ﬁaélh@sg(g}pgs&l‘ sh‘ié‘éﬁng #hhe %%(?d@t?;gg&éﬂ' S may

be acco y any suitable neans e any
el ect ri calf wisdl mhy urcludecamanumszedlmc i 20:08c aatiammhemﬁdﬂ[tewe ilayer A2(D8br ddicst ance

between t 0, drain vires and {e, aoshiel ding, LLRLS) dildhiorkhi g2l o areas

drain wire 12012 and the other shielding film. In an alternative embodiment, the non-
conductive layer of one or both shieclding films may be omitted. Significantly, the cable

25 12002 includes a non-conductive material (e.g. a dielectric material) 12010 between the
shielding films 12008 and that separates the drain wire 12012 from each of the shielding
films 12008. In some cases, the material 12010 may be or comprise a non-conductive
compliant adhesive material. In some cases, the material 12010 may be or comprise a
thermoplastic dielectric material such as polyolefin at a thickness of less than 0.02 mm, or

30 some other suitable thickness. In some cases, the material 12010 may be in the form of a

thin layer that covers one or both shielding films prior to cable manufacture. In some
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However, the cable is preferably treated at selected zones or areas as
descri bed above to provide electrical contact between a given drain wire
and a gi wep28twbd7ng filn(s). In FIG 3le, the cabl e 1P0AISh@s/ obwsen
treated in localized area 12213a to provide electrical contact between
drain wire 12212a and the shielding filn(s), and it has al so been treated
30in localized areas 12213b, 12213c to provide electrical contact between
drain wire 12212b and the shielding film(s). In FIG 31f, the cable 12202

|5 Shoun @eDekMyLEA06H by bB% nVRAPLE! APROTRGH 1WSAARA/Q00GHR. Same

| ocal i zed areas 12213a and also indf | oc
12213d, ZﬁﬁepmmWOcheNmmeﬁmhm¢Gmdlmdwana@eécdﬂbxuprwhmaawadlam&mwlcan be

caces, oty o anb Puinhed PeoReg BECR e dbe GRG0y ro. -

some case§gs 31hhngsidreated area for a first drain wire may be disposed at
a sane Iengthmﬁse position as a second treated area for a second drain wire
- sek e.g. ar eﬁsmalgﬁza_Imah@ﬂzmlmec@ﬁnmomresme fomqand/alnlapase@yévle@pplwe

procedure qr. Qne rain
W re- may GENRdalieR o 4 BrEAE PR B 1300 PO R AU M LG 5 ca
f or anot h@htadf @ith thdd dr@in-wisE€E208 2y offceiclyl 2otdiha tlaenﬂatkﬁalmm oundf tht way3le,
or areas 12213d and 12213e of FIG. 31f. In sone cases, a treated area for

\me ﬁr ai nlhgiglee chaﬁlﬁwmfeﬁEOTdnﬁ%taﬁdné%@tti‘dé]iafaﬁt?ﬁlz%i by h@Q:ablﬁ ath
ohi ol df ngernd R WA Bess Aol QIR EAAPURRL P RRLaRR AR W o0 (e

ar e 122 IsabstaritiaHly Gero3dims. Rlﬁtrea&&@]pblsloas bf)qhe dremwode 12002 battinsbitebded

el ectrical cab e assenb 3 15showi ng a r confi ra ign_i.n which
one may d%%%l St EPPEE H&%ﬂﬁw %%&#%}Ha?@aﬁp%&touﬁﬁwﬁ@rﬁcmp Rhd

shi el di ngfiidh St o + ﬁogéﬁﬁ’@jo 'eXce}o?ﬁfe)cgoé%s% e eete eh o RO RN 8611{%99 Bf ﬁl%m e

12302 is connecteg énds t to term nation conponents 12320,
12322. Thiainevim ¢ladtiionlyconpon énths sh'ahﬁmgﬁhqnthre@haths trosttd pomion(sh hf ihndl vi dual

conducti v ath o |ded herepn for, el ectrj co tion to

Fespoct | vEuREY ThatEaRtabUOrSTE) P sbriis € H3SEY Foime bt & $3302

i nclydes @BMEh ShbscQRAUSERN, aB@bScfbe fesfolaéEst HANPIGEAES alE Bf @S chib Nax
conduct or sets_ adapt ed for ewgh speed data comuni cation. The cable 12302

al so i nclindes gy@nelrngle stipai Th r@#dm@@mrefm@lmmtmwtﬂ%t povgoemds t hat

connect to%ero?esr%e‘:tl'n‘s’qateﬁ’”d“ GhL& BRHD speed ahcc}n?rélq%g }dno T RGP R The
drain wires are SO pPoOsSI oned near . COV re 3 east one

shi el di ngxkmbrs, gilelﬁb@caﬁ@lmozamd a@[@ﬁl@t@r@lflt\ymaﬁ c@ﬂ@c@@sm IIDIIBﬁwbEt ween two
such filns _as shown for exanp in the cross-sectional views of FIGS., 3la

and 31b. shigdpg pmrdeﬁ&daﬁhl%ag ﬁ}r@% %I&SarTé%alziﬁ 12 Hewchudet digin wirgsel dd3cr i bed
bel gy, |
e attwlo%%t%\{] @(ﬁil i I,ngwlerbﬁé&egng%%g’oeﬂ%%%%g Iﬁgsﬂﬁgfe %}fgor{geﬁ&g 'Ca

contact with at an oint a t he
cabl e, andith picssung hedteradationpdnidsdredy btheanyitable dgain, esmg&aair% @mpoyicspl oyi ng

oy of g Sh Fl heal S Al en LESTnLales, A0dsser e o sounere herein. A

perpendicular to the plane of the drawing) which is small compared to the length of the
cable 12102 such that the treated region is similarly small compared to the length of the

25 cable. The treatment process for on-demand drain wire contact can be performed (a)
during cable manufacture, (b) after the cable is cut to length for termination process, (¢)
during the termination process (even simultancously when the cable is terminated), (d)
after the cable has been made into an cable assembly (e.g. by attachment of termination
components to both ends of the cable), or (¢) any combination of (a) through (d).

30 The treatment to provide localized electrical contact between the drain wire and

one or both shielding films may in some cases utilize compression. The treatment may be
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film's) in the untreated areas may, for exanple, be greater than 100 ohns.
However, the WD 2012/ 030367PCT/ US2010/ 060640 cable is preferably treated at
sel ect ed woner/m3n36ar eas as descri bed above to provi de elettuse@alos@mant act
bet ween these drain wires and a given shielding filn(s). In the figure, the
cable 12302 is shown to be treated in |ocalized area 12313a to provide

el ectrical contact between drain wire 12312a and the shielding filnm(s), and
is also shown to be 5treated in localized areas 12313b, 12313c to provide

el ectri cal, &N @GE roBRE WR Qraqfr@iw'?th‘%%lﬁoggijfgféew séxré?el? be%hﬂk ﬂ&rflétbﬁl@) One
or both of the drain wr 12313b 2312c may be of type that are

sui t abl e dndrcatises aditzadortat ekivated tsmmratoree abwhigbi for Em@ynﬂde, athdendphaséic nor e

standard nn i.n whi t he ke el ectric ont th the shielding
ey ARG agSebe Ay HwoRe et Fetigatrrttn fity St Wanut act ur o
10 EXANPLd%ﬁverm ultrd i SRR t83hBd1Ba B &a&MH@EhKieAhd &in%ao% eRldoOthe tichinfdnt t WO
substantial l'y |dent|cal untreated shielded electrical ribbon cables were

maded wi t rpr@ms Biapde mskrﬁéw temebecd nondpgrag p@mcl@$ lrtzoqfhlél@@tr@rm@emfé sepedatéeai n
\M res as Hlnlg rn a I(P'allel \ﬁlheo%(glol?wlzil% e% 1 S lE(Fé oncfﬁe (Iiralnb\glreéarf e USI ng

t wo oppose%l tion: yer of
pol yest el’sh(e@dlﬁ@ﬁﬂrﬁ i nches thick), on which a contl nuous | ayer of alum num
(0.00028 inches thick) was disposed, on which a continuous |ayer of

el ectrical ly rfdfoAtrusnd ié apdresive qfe.shrldadmlostin eadlc auemblysi?ddtd. The
ht f
conduct o SEERRIYEEAIRRE: W ARE S AR EHOAIBE foldiont Bithakd DO8,

Wi r&) Theoataghbetaea drain wiess amslaﬂleidmg ﬁhﬁd@) chaliogh figures, A3hgpddege| {cAWB) ,
tin-plated, 7- strg ged W res, g %>tt| sed for .the nanufactgé¢
process Vigben gapladeely 1§6O{l¢f&fed&t e gereo ?%@Qﬂtﬂﬁ%ﬂ QPRTERSH2EEYs) of
the adhesjjyyg) ”’@B@{e'nﬁ {nafién 9&&1{\4'6}1&&' dath E@gﬁw‘lﬁe&dsu%%a\‘é@%h‘?ﬁ&bld%ladoﬂdﬂ\étfv% and

each shielding filmto prevent electri contact therebetween in the
unt r eat edatsipregdedrthercomonni¢atiec echneativre® therapedich vaws and cend2sloengt h of

bout 1 d at f
fhese untheailalEae The R AAT0T WRRE% SeeRlCabltor srnpbioreAR Bt
draif W rgsh ¥efhandcRlBEbF §c8PddapRAtfSCighbpded Autat@mn@iniédiens Theksilgg fil ns.
This was done by connecting a mcro-ohmeter at the stripped end of the

cabl e to 12202 280 pisdwleh o desirbiviras 12H2a012212b. dhadrainivires haverpade that

e R T L
ohms. Theife alkdpoditiprdentr @bdventd 189, at Bastd@RishicRling Alnfrbhe 346le, adr e tr eat ed
preferably are positioned between two such films as shown for example in the cross-
20 sectional views of FIGS. 31a and 31b. Except for localized treated areas or zones that will
be described below, the drain wires 12212a, 12212b do not make electrical contact with
the shielding film(s) at any point along the length of the cable, and this may be
accomplished by any suitable means ¢.g. by employing any of the electrical isolation
techniques described elsewhere herein. A DC resistance between the drain wires and the
25 shielding film(s) in the untreated areas may, for example, be greater than 100 ohms.
However, the cable is preferably treated at selected zones or areas as described above to
provide electrical contact between a given drain wire and a given shielding film(s). In
FIG. 31e¢, the cable 12202 has been treated in localized area 12213a to provide electrical
contact between drain wire 12212a and the shielding film(s), and it has also been treated

30 in localized areas 12213b, 12213c¢ to provide electrical contact between drain wire 12212b
and the shielding film(s). In FIG. 31f, the cable 12202 is shown as being treated in the
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WO 2012/ 030367PCT/ US2010/ 060640 in one step to provide |ocalized areas of
contact between those drain wires and the two shielding filnms. Another two
adj acent wpanre/osieses, e.g., the two adjacent wires | abelret/ub2d0@6@l0 t he

|l eft side of FIG 31d, were also treated in the same way in a second step.
Each treatnment was acconplished by conpressing a portion of the cable with
a tool that 5 was about 0.25 inches |Iong and 0.05 inches w de, the tool

wi dth covering two adjacent drain wires at one |engthw se position of the
cabl e. Eagh ctibGRL&FarRQY 122982 WS 1881 bid ailofif AR 1628-&f atie1293Bhe. 0
this first exanple, the tool tenperature was 220 degrees C, and a force of
about 75-2238e.pounds was applied for 10 seconds for each treatnent. The tool
was then reno nd.the cable all d to cool. The mcro-o ter. was then
oconnect ed at IR DHHMEIS ThE EANPE BHGIES h bt breipeaSeRl TG | 28
possi bl e EEAALAGNLPBS R btHcWBuPosdsN INVbIHES caV8S, @nRAAlRIE @Shd archhfay¥e

resi stance of one pair (two of the treated drain wifes) was neasured as 1.1
ohnsd andsehérp@ivassirginanee lofsoriclcasashafirst tadibhatch dore ot diam wiramaywer es
(measured,.at t end of the. cabl.e opposite th reated end S Nnot

teacur eatl grostd § e ondiisg By FabBPOR R Pl MEERTH S0 4R IR

unt r eat edie€ alpl £8avER2 1345221181 bf BIGY, 3t esY1€thnldGedl el thE precddlireahywafin Fi@. dr ai n
wires were in electrical contact with either of the shielding filnms. This
was agai mldodseye easahadiqateg acanior pre ¢iisle maybodiposadrat gléiderertd of t he
cable to ' i ' draln wir

reasar e atanE s BASAE| Gn g WA 08y PR AT oD e IR and

conbl nat 11@2%$3e of F1€:. 31@ldr acasib2 2i3idi amdd 2p1 3edefdd . 20D0n ket shsancetsearel | over
100 ohms. Then, two. adjacent drain wires, as. depicted in FIG 21, were
treated 4o Pragra @Bem%mpa%edi e driesanis pRidon e’ BEATbIEH BBEheon t hose

drai n wi resuRpdratd @ik MRS MhyelodhiR@d kldciRal dbtt WithahTEAL 4} geth the

ifpne
sanme tool as in exanple 1, "and the treated portion was ab u}t ggc)mfroma
first enc.pfaraali@2t3bder1G. 31a seseid2l3dart areni2HBepf Fiis3ldane two drain

wires were tr ed. under the sane .condit,i as 25the first p, but at a
posi tion' 3 cmitPotl GsadeB I eRAgI N apr B hpgar st 14 end 11 a

thiygl st epeowapnBeler ENWTiAGHtRAA WhHIhainR iy @RosEtoProvillden ¥RandiAtaAt W res
| abel ed 12112 at the left side of FIG 3Id, were treated in the sane way as

the firstbesvesp draigaiires3nd shildore fildsk ilngsscabdy 6130 he shialdre clerttical ithont h
treat nentca%lteelai&()i pse osger@ecf a\ﬁ%oﬁ{ ea Idrs] tl‘eréo% Ee'i‘r%ar{ 1((j)n 'cnr.nsg)ﬁa t5312\§?6,e12t3?§.at ed
under the&?8amé” condi I ons, “bu at A treat rent 8t s8R cmfromtne

30second Etdc®iinitid @atoBentk Badhhiosnsi€ @ RAbsEsPitie indivieud] cohducEPpitAd ure was
210 degrees C, and a force of about 75-150 pounds was applied for 10
seconds fREPVidedthcrcon derrieatrical epnnopitpipithe pespaByPEvs3Pd $ondsmEuef tee t ool

wasnt hen a i - was t hen
reabesnd PSR 20t LB, pa Ll il IR MELRCATIRLSR, 22 |15
drai n wi rsash aetwanat ¢camidnctbestedlapiad fantaphgeecDdataesnshanceioof TGe 6atdbins was

of these conbi nati ons

measured faqr fjve of the cqnbi.natio al Y

| nvol vi nglZ8WG eks8 ek pev<i HB4M RATRS Héﬁf%aé_ t _ilae RRHENETS haygengs Be! f88Pt ance
of 21.5 qhnEpuaR BASIESE paths bPEachREnlifIRNHoRPoRAUTP TRAHESDWirdY Auiddg the
four drain wires having treated areas. The DC resistance of all other

conbi nat ipesiiood newo (elg.adomenail bgsatlesst oot smadmgfdmbifehe ¢abs, andvpsTanaly over
10029 hrrs “are positioned between two such films as shown for example in the cross-sectional views
of FIGS. 31a and 31b. Except for localized treated arcas or zones that will be described
below, at least the drain wires 112312a, 112312d do not make electrical contact with the
shielding film(s) at any point along the length of the cable, and this may be accomplished
by any suitable means ¢.g. by employing any of the electrical isolation techniques

30 described elsewhere herein. A DC resistance between these drain wires and the shielding

film(s) in the untreated areas may, for example, be greater than 100 ohms. However, the
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FIG 32a is a photograph of one of the shielded electrical cables that was
fabricated and treated for these exanples. Four localized treated areas can
be seen. WOGn128BB67s an 10enl arged detail of a portion @CTRIS®1082%40 Show ng
two of the localized treated areas. FIG 32c is a schematic representation
of a front elevational view of the front cross-sectional |ayout of the

cable of FIG 32a. We now provide further details regardi ng shiel ded
ri bbon cables that can enploy multiple drain wires, and uni que conbi nati ons

of such Q%’Bﬂe%pf%ér%l&%at%& aﬂ&ﬁ&te’d@oﬁé%&%ds‘%@ d%&%@&‘glgtfvg tﬁiar&"i‘@e or two ends

of the cable nventional coaxial or twnax c es multiple
i ndependetctigrab opeacbewiace shese drim Mmhand'ﬂaglrvemshleldn@ frilmfs)r ds thedfigrake gr ound

necti g cab] nd t.he te m hat i oi. nt dvant ageous
nepect - ofthe IS R uth b ods et insalivie arn TSR by KRR et vde
drai n wi r@gtacbdibdd hi \bi@&iiZSIQH%nH 'fl{e%*}igél'dlﬁg f‘lrﬁ@;) SAnbYE 416 Shov@StoWRrs Shown
20e.g. in FIG 3la. Any given drain wire can be directly (DC) connected to

t he Xhi elttbasetdrluéqqahaed wzandﬁh&tléal?cmtm@wémi:leﬁacqllcowapmﬁéwmamwre
connecti an, be..po 0K, not npected at. a hi eI i gh
AC i npeda ce ﬁle tl}lsegdlf') ﬁ[%q%%ll Qn?f\norrté(gg ?gl er%lﬁé’vé{eé&&%oﬁ’dt&?jlozrscs ﬁeéfhcan

ext end b&y@@@e ttm aﬁehiuﬁhlﬁl@ dordatdRc@tdatiRie of @MUt IDMal Bc hivelc ¢ @ titdle
term nation of a nmati ng connector. An advantage of the disclosed cables is

that 25i rétgenrmapnmeeitevhigh siay ipkeesdecgy] B@lt@f‘éé?ﬂth the slypdingim(Palongns si nce
the el ectyj &%tlaﬁgtﬁélldéntﬂé%\{llg&e@gﬂ% c%‘l% ﬂLQg filnms are comon for the
oun

entire ca e stracture ave at one can use the disclosed
shi &) ded cabl es to advantageously provide a variety of different drain wire
configurati on% %h&t &ig;n i nterconnect electrically through the conductive

shield of the ri bbon cable. Stated sinply, any of the 30di scl osed

shi el ded cabl %H&Yarﬁﬁl@é HOBr&lntb @ hsthisd @tﬁdnStFn%vaé%Mtﬁﬂ Ec{éni%a{le The
d

first and second drain wires may extend along the [ength the cable, and
may be elunteated ahiclde\Gle0it2l ri303 ETPIET, W%Zﬁ&dﬂ\@ﬁmﬂmammneﬂvbedldo each ot her

at least as.a result of both of them heing. .in eI ctrical cont ith a
st onicQnaewgiet phachinie! Saing dH BE-CS st WEATH Sk nes e B et s
t er g3 nat i Kyah ¢QBIB XS ARl akind thd bﬁﬁos@ajgm@lfdlﬁghﬁln%aﬁlvﬁl anelsPnecAktridion: second
term nati on conponents at a second end of the cable. In sonme cases, the

first drdiase Wyereofipelycsicett-0G048Iinghes ﬁnﬂ@c@n Wblchn@osbm@uedampﬁalﬂﬂmmﬂn

term nati pay not rec connec, e _one or nore
second t SPRORATRERSRbk FRotR ol eh Bl S PRRET A B G "y

conductlve adhesive (0.001 inch thick) was disposed. The eight insulated conductors used

in each cable to make the four twinax conductor sets were 30 gauge (AWG), solid core,
20 silver plated copper wire. The eight drain wires used for each cable were 32 gauge

(AWG), tin-plated, 7-stranded wires. The settings used for the manufacturing process

were adjusted so that a thin layer (less than 10 micrometers) of the adhesive material (a

polyolefin) remained between each drain wire and each shielding film to prevent electrical

contact therebetween in the untreated cables. The two untreated cables were each cut to a
25 length of about 1 meter, and were mass stripped at one end.

A first one of these untreated cables was initially tested to determine if any of the
drain wires were in electrical contact with either of the shielding films. This was done by
connecting a micro-ohmmeter at the stripped end of the cable to all 28 possible
combinations of two drain wires. These measurements yielded no measurable DC

30 resistance for any of the combinations — i.¢., all combinations produced DC resistances

well over 100 ohms. Then, two adjacent drain wires, as depicted in FIG. 31d, were treated
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electrically connect to the one or nore second term nati on conmponents but
may not electrically connect to the one or nore first term nation
conmponentwO 20te3b6367st and second drain wires nay be neniperaisedtomchaur al ity
of drain wires 10extending along the length of the cable, and a nunber nl
of the drain wires may connect to the one or nore first termnation
conponents, and a nunber n2 of the drain wires nmay connect to the one or
nore second term nation conponents. The nunber nl may not be equal to n2.

Furt her mp @y Etﬁ? t(gﬁr%?fﬂre 1808 d st oft ShEtNGHH O tﬁQM%ﬁ%i?es%ﬁ teohect i vely

have a nunber Irst termnation conmponents, an e one or nore
second 15heldmgatmenAcahpunenidscostydraiolwisst ¢.g.ethe tivawd)aaem s rlabeedof second

term nati onpo t.S. cases, n2 >.nl , and n2 > nm. .In sone
cases,  m1A15 SRRTGTHE: ot Bl 375 R BB e fhesaBEdTin 3 s%%nd sFn’ some
cases, MEahheatbnt®3s decomplishedy @AYRERMNS S#6bh 85tht BEIE wWithQMbEaRat he
ability to connect one drain wire to an external connection and have one or

mor €5 ot hevasgabairtD. i imebeseng amh@ 88 exrhenhwvidet thettorl vddoavennghyeidiacenher eby
effectively tying.all,of . themto the.extern ound. Thus, advant ageously,
ot ol 1 gl Radhs Remb AR Boh SR uHG e s RIRHES sodl S ARG OLn

st ruct ur &roniMoh€ bn@nthdeatls eth thiy fktgxhinble, tHiaoslapmpeatudnwby 22®Mdréds Ty f ewer
mat i ng connections at the connector. Another potential advantage is that

r edundantand @rieeeetos bt 75l SRegundst Waroinelied B 19wecasds fareaeh Bpamant: elhes
connect e%&%&sﬁﬁeﬁéﬁxﬁ%@ hn@{h%%gﬁeaﬂgw&?t& éb%h Z%Eé‘fn?érg:ophl%e%éf safidps, one

may fail to nmake contact to the shield or the external groun
draitm w reenndattd stthd ¢ndsafebesdlwbpgppsinathe tehed end,call al @8tpestibleet ween t he

external groqund and_.the shield through the her drain wire. Further, if
the cabl é% PgOhRe FainFKISuYCre &N &gkt ﬁfﬁlﬁ?)%ﬁéw@nﬁe eﬁ%neewar ¥ Phe

cabl e is onBact §9id @iresggva%%ﬁ&ﬁﬁﬁ\t%%l Sf PANREOhind ik D(TC Pe)sgs?a%ge & fe9r ound,

O
and the otﬁer end 1s ti to nu e connectors (nR , 30t hen fewer
connect i moesibimtipngahtweedramderar(ntcheirebattba crehof thheablaogpasge the(trededf or t he

mul tiple cqpnector ends.. The sinplified oundi ng offered by such
confi gur 102 0640 provide benefits in

F1 bur 2ERORGS Wy sy Gaore pesre s Bl BB de benefits
terps of reducp scesrll @%idryheAnfrchRd el WHSHIES idfial 5ABitaLlo RAGmida@uhy ed at
the term nations. I n many of these arrag%enents, t he uni que

i nt er conmddhedramaviiesever in plectgicali qontgict wih chhes g thot sheclding dilms.nghb iwag( s) |
o 14 eSS B LRIt 30k SRR MBI 2L
struct ur eossible combinations of two drain wires, and the measurements again yielded no
measurable DC resistance for any of the combinations — i.¢., all combinations produced
20 DC resistances well over 100 ohms. Then, two adjacent drain wires, as depicted in FIG.
21, were treated in a first step to provide localized areas of contact between those drain
wires and the two shielding films. This treatment was done with the same tool as in
example 1, and the treated portion was about 3cm from a first end of the cable. In a
second treatment step, the same two drain wires were treated under the same conditions as
25 the first step, but at a position 3 cm from a second end of the cable opposite the first end.
In a third step, another two adjacent drain wires, ¢.g., the two adjacent wires labeled 12112
at the left side of FIG. 31d, were treated in the same way as the first step, again 3 cm from
the first end of the cable. In a fourth treatment step, the same two drain wires treated in
step 3 were treated under the same conditions, but at a treatment location 3 ¢cm from the

30 second end of the cable. In this second example, the tool temperature was 210 degrees C,

and a force of about 75-150 pounds was applied for 10 seconds for each treatment step.
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and can provide a tighter (narrower) connection pitch. One straightforward
enbodi nent is where a shielded cable that includes high speed conductor
sets and Wol2oizpi3e3edrain wires is term nated at bot h endeCrarsene/ocwanect or
at each end, and fewer than all of the drain wires are term nated at each
end, but each drain wire termnated at one end is also termnated at 10 the
other end. The drain wires that are not termnated are still naintained at

| ow potential since they are also directly or indirectly tied to ground. In
a rel at edriihyy %%@Héﬁ reRe@hnd i€ cgl'il@'aﬂo%& ﬁﬁcd&‘yﬂ?@em?&@ %ﬁ%ﬁéﬁer%aSQH& end
but not connect elther intentionally or in error) he ot her end

Agai n i n dohnectai a:tm)ae eohof thhealge mmd@ll%rpm$1hb@onﬂnna&om aﬁ tn@dirals wiong as one

drain wire is connected at ea end. In ther rel ated odi t he

Gr o Tbnfors pudi IS i s fB T Sl of B s LBt R TG hes 1 ocs)
that are Qhivacdeds fatll iR AR LoRBhatibhsSih VB B MEE flu® Bradf wirdd Bavige feRELt ed in
FIG 32d. In that figure, a cable assenbly 15501 i ncl udes a shiel ded

el eclri calrcasalohé a DG oBistronnet? b ohms vie neerawr@d) agfor drerematninmoaaripdivent

12520 and_cqgnnect ed at _the.other_ en tion co ent 12522. The
cabie 12aBSRE SRR bl BfIn Rt S s SRR Bl o ey e

20s0 | ongoathindtion§ef twdafaid WirdsShastioadairé|d 201 2as art cdesEIOsHngr ai n wire
12512b that are both el ectrl cal Ify connected to at |east one shielding film
&8

As shown, the Hfap?e iarkhotopeaphip ﬁﬁé&w teled sgsairsheablesby wastfabiinat
conmponent, . r ut not
to conponeﬁi’“%%%gf@“tﬂ?‘%@%é R A S

pot &t i alenlargedsdeadibel apmatign VHEIG 134 rshwwn@stwaﬁ" 1]i>eal,ocal%d 2atatdreab eFIG.

25shi el di}:}g_fi | m of the cabl e 12?02 Vi rt of tﬂ@l nut ual el ectri cal
connect i oS IS § FRACEIRHE TREEERENIAT OF & TTRR <hvafifgl Vi Phe SanLEPtr SOl { o ¢ he
common grgindbPge NOESFERGI3 ROt h term nation conponents 12520, 12522 could
advant ageously be nade smaller (narrower) by elimnating the unused
conduct i on patWe now provide fustheo d@aﬁmwgardmg@ﬁtmmﬁdnﬂmonatebmm&m i eamgplohese

techni ques .s, shown .in FIGS. 3032 a shielded cable
hssenbily kB UL i srgnns shhREayERbRS 0nB8F | el udes a
shi ef ded t@ﬂnﬂﬁ&t[drpc’ﬂmffdn&h@ﬂt GRUrewd 2R mpopart.ed at a first WO

2012/ 030367PCT/ US2010/ 060640 end to a term nati on conmponent 12620, and
connected at d@eenirhaberix(abal thinpscabit ises mliéple indepensieplgrates dfariresut
sections) to term.nati AN SR o ents 1262 262 bes seen in
the or oa R ebRUrOY: B ERRE BRSPS et hi R e SIGER! 0f °Fr o

32e, the teafihetichlain. lmcddwdﬂagédm@a@e@o&dﬁeslﬁélds@b&lwdemmerfeﬁaﬂn tahgtuct or s,
one coaxi al type and 5two tw ]épes and elgght drain wires 12612a-h. The
ei ght dr dhev Ginrisgudg drag wirey léléwlrle |lpgatiophiheeuedgut the sifuqtegsis wseshowRd

pr efer abl I I i . conduct or
e R R e
connect s stractues, AGhadnnocted Gmho mh*natd (1&6 2pedanck Aleoohdreion), o baxbagorvdiyctror set

connects to term i o) nd _all three conductor sets
connect t§t P‘Pi‘élei@g ﬂf%’ﬁ?gﬁ @dﬁ%r{iﬁiﬂmﬁ Qeﬁ)atBefﬂ@efher PINGHELSGFC t he cabl e.
Al ei ghtel&f aldd@oHiRidts Vﬂlé}g&nr@denla%&m@rsﬁgldte@ chihe aﬁ@ﬁﬁk@@&ﬂn@&lcﬁ%ponent S
at the second end of the cable, i1.e., drain wires 12612a, 12612b, and

12612c methe pouod tareatatidn b a apping sonEcHT c dndd ity @b disdnsadarahicn it than

t. 1262 d,d 12 12d d b L t
e R R A P R e R A GBS R B PR o
Wi r es126 lzbviaddbyl thb26ibEAn dEMn DA COMARMLBAhE @naRREBR strat@rconduct i ve pat hs

on term nati on conponent
We have found that one can use the disclosed shielded cables to advantageously

provide a variety of different drain wire configurations that can interconnect electrically
through the conductive shield of the shielded ribbon cable. Stated simply, any of the
30 disclosed shielded cables may include at least a first and second drain wire. The first and

second drain wires may extend along the length of the cable, and may be electrically
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12622. Advant ageously, however, less than all eight of the drain wires can
be connected to the term nation conponent 12620 at the first end of the
cabl e. | rwoOhle1da3gisre, only drain wires 12612a and 12612rcaris2aloovmsi@s bei ng
connected to appropriate conductive paths on the conponent 12620. By
omtting termnation connections between the drain wires 2012612b-g and
term nati on conponent 12620, the manufacture of the assenbly 12601 is
sinplified and stream i ned. Yet, for exanple, the drain wires 12612d and
126 1 2e a%ﬁﬂ&ttﬁf th eta&l‘?oﬂlgteatqugfié'scé l!eglﬂt Qiaﬁd?ﬁ of” ﬁe&?%n%ﬁcﬁ%‘l @(gntéé? Rwifh! ot her
desired potential) even though neither of themis physically connected to

t he ter manfatst dneldiogpiidme Athisi@bROmayB¢ bomleiged dithont bempar Guseteenmandny n2,

and n2 di scussed above, t abl.e 25assenbly 12601 has nl =2, n2 = 8 m =
1"ana meotsnents &M i e T GRS e ani et AL ulineg pORIE 112 Shown
in FIGS. 3&ardend Drenca@sRITh ¥orhd éikbs, tRE Fikid @fiRwiB nelydechtd MG cbhaR} td thBbon
cable 12702 connected at a first end to a term nation conponent 12720, and
conn&ct ednator mosebivh trranthtionip@honantsipitimayinet electhiceley empactde ehef eng-asut
secti ons)mtro Ler .tnr%%ilila lrbncogﬁ)onenqtsnls%ne%a e152%24 . %%7%1611.1 Ase hest seen 30in
the cross-gestiBnar view o Me %3{), PISCRRCSA] Sr‘?aq r%ies 33b-3%b of FIG
33a, the gabli@liy2éfikct Rcthtdesot MbesccaidohiabitiGeidnginehtdbut @hedotconduct or s,
one coaxi al type and two WD 2012/ 030367PCT/ US2010/ 060640 tw nax types, and
ei ght dr glestigatlysoner othp ongpemeredfst tgrainAtiQn ¢uapoaeRtsal | el ectrical ly
connected to I . Y. ! i f i he cabl e
12702. The cogﬁeafﬁgﬁ%“ﬁ 8%%“8‘?09%85‘5 1@%2‘% ctesm%%g?rgrg%ghgft@gx ogg%%lobnvgﬁ% 12726,
onel@ w naxtadimguddgyths &ingthostitee tabld, and e mnimbat n oof the dpdments hiay 24nncantd t he
ot her tvviﬂax conductfpr set. connects to 5term nati 02 g nponent. 12722, and

¥ A uﬁg’t"FB °

al | thr ed ¢ BHURICPOC étttEHEB?fH?é‘c‘%oniHS’n?Wé _ BR3P0 at the
First endopfied Rethe 3AL 6r m%lr@(%egz)n(f Em L AN P GERn IR hP GumBBNECHEH nbOod e
term nati on conponents at the second end of the cable, 1.e., drain wires

12712b aredudl2d h2c Foeherbore et @dndre fiag peropnitmnecopodernds imag cpldtdiselyn

term nati.on co nen 7 and. drain wires 712d and 12712e may be
connect ed b8 ABPOLM &1 S SHBUR ) SOTOPRTIS B EdPOn I F o EBponant 2724,
andi gir ai nephih@fonldhdpdhe@ thal 26 EdiveBMhake a GRRBELHR Gf k& oA RIrRIRktidh e _
conductive paths on term nafion conponent 12722. None of those six drain

Wi res ar eopwenes.elh sopictdascst e? mrindatridon2 egnpohesomel 3 mdr 1 hén $amest end of
t he cabl S the fi st end og‘ nhhgm(‘za%%o tth e(S)tnqiagltan draip wires, i.e.,
drain wres 1]51'}12%11 and 42712k "ar e "Conn&erE 4 appropriafe c¢onductive
paths on the compReRhts3deas tBysclfpovités thogbiliey 1 ddahéc® bn€ dARERTrt @sn bet ween
the drain wires 12712b-g and term nati on conponent 12720, and between drain
Wi re 127X gorrachphand bayCarpeb ARt othondaingrigesdercaraertest eiiln tahee 12712h

andz(? erm cﬁﬁgfrl] sh?&gﬂﬁg\‘igﬁn'% 8&3&%@@ Mﬁ% aﬂad?\li;éﬁ e eQ%nf[ag Q%oﬁgég*m'@’ 12701 is

sinplifie strea regar araneters nl,
n2, m, addamBecdusiguissat dadiowearesihthecablk ac2Dasoantdtyd tb2HOdxthmsl grdum?, n2 =
6, M =1, and er enbodi nents. ar e possi ble, but in

f

= 3. Many . ot

general i{TUERFF g%“‘é’o‘%?&%é@%‘bﬁ?é@éh&ttp? PYEICEHRD WNECANGINGHCY Hem¥H e t o
connect tyANSSBAL Altfe SRLBE:r CRAGRE! JRRial SRRAHEE A Rt LAGRLAGIontRGARUN €
that the grounding is conplete and at least one ground is connected to each
t er m nat itermédgahmioonthan oeachthe dehinvitchecaabtted taihd ererel ghand endtdtbe a
f anps t Caéme?d. In such cases, one may fail to make contact to the shield or the external ground

with one drain wire, but still successfully make electrical contact between the external

ground and the shield through the other drain wire. Further, if the cable assembly has a

fan-out configuration, wherein one end of the cable is connected to one external connector

(ml = 1) and common ground, and the other end is tied to multiple connectors (m2 > 1),

30 then fewer connections (nl) can be made on the common end than are used (n2) for the

multiple connector ends. The simplified grounding offered by such configurations may
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25Thi s neans that each drain wre does not need to be connected to each
termnation point. If nore than one drain wire is connected at any end,

t hen t he wonnea3dsn i s nade redundant and | ess prone toPCaRIUSA010/060640 e
now provi de further details regarding shielded ribbon cables that can
enpl oy m xed conductor sets, e.g., a conductor set adapted for high speed
data transm ssion and 30anot her conductor set adapted for power

transm ssion or | ow speed data transm ssion.

2012/ 0303@3&@6&@%@&%9@%@&%&@&'9&{@ REbR t%ga&td%nfb% oPOMBIct hARNS M ssion

or | ow speed data transm ssion can b erred to as eban Some
i nt er conrmequiradri thartdrndedtionsd st andar ds for hi gh speed S|gnal transmi ssi on

al l ow for bot eed Si naI ransni ssi.on i de t wi.nax or
o i re bar RIS antea B panisp RS RsT P soih S on
require itRRMLRIHARIPMng ﬁﬁnﬁs‘? NHSGHET SF colfsc@NTRhEdBin WiksSatiud AR iPAS
standard whi ch defines high speed pairs and "sidebands" included inits

m ni S SAS egctiieal eprdadi rvethtth@ ﬁhlsldh@r@m(WiSI uscd M@AEBsthat@@mtmdmdu@s
si deband u a e IS(PUtSI its sc

n or.s n_ si deband
use is a 'S ‘bp‘i°§1ere|atﬂg nétar %%s?%“‘?nn%[‘] gfhtfgfwar%s?m(? B8 i n
i ndust ry vispeshitideatalo thaF cBABShighCht@ d@ﬁ&u@o@e&c‘dﬁdl’rﬂllﬁpl@fdrﬁﬂ hred @0 kHz,
and does not require high performance shielded wire. This section t her ef or e

f ocuses JRMHEHEE pisbash crdsp &8C eprIcCiaF at qagh rodaad foyverthasal of thedrimvgRs speed
signal s apd | Q. e‘aea“r‘ga&l &2 tnﬁ L dRANGTre Eerraﬂﬁ@édsaﬁ 5302nd lsgl‘féo‘{gﬂrﬁigat‘é&@d e

configuration, termnation’ |near contact array he term nati on
conpbnenﬁhéeﬂ@rmﬁEﬁﬂddkandamﬂﬁhn@ndmgmmaﬁm@ﬂimbmngemanamedmhewqhm@ﬁQEd
el ectroni ¢ ripbon- I ke.cabl es di scussed el se ﬁﬂg he n be used with

slight modficeit ea’talrﬁﬁ SO QBRI QTR lFefﬂyt“ﬁ Qypoen alsmeen% be
modi fi ed tBQdfaﬂP{sz@@mh?%%&ﬁ&@teWa{ &% dd ﬂu‘?ﬁﬂ CORREGUFLARE: 15{2:?;{101%1 orti tabl e

for | ow speed signal transm ssion but not h speed signal transm ssion,
in addi t icoror} a thdhetheroamdu (Agam wehis sithettonathe %ﬁi&l}dtsadcthm is maghtaspe esllodgt a

transm ssi on, ,and the dra| roun res..tha | so be . .included. The
shi 61 ded 20k AHHAY RS REPSBOHED oFCattorpilst Bt el BrOrRRPa T o5 ¢ hat
carry si ghiad(s) aesR A3hach@hhobihe seme Bt fHeGmath Wirdd)fthfuenittackdd £qmy se, in
the case of a power conductor, the |line does not have a data rate. W al so

d|sclose(ﬁ@ﬁNndaﬂnmmpbOWﬁWﬁeWﬂbwﬂbdqnﬁedebﬁﬁiﬁadlBwhhiﬁﬁﬂgpee@kﬂoM/speed
fgl_ ?LS?S&%%G%&S lhgbl 1n8131|B sgé)seﬁg lectﬁg‘&l%eslblecﬁSIS?gonln(e)g{[ec?Qeoen% e%8rt‘8'%‘3t ors are
termination component 12520 and connected at the other end to a termination component
12522. The cable 12502 may be virtually any shielded cable shown or described herein,
20 so long as it includes a first drain wire 12512a and a second drain wire 12512b that are
both electrically connected to at least one shielding film. As shown, the drain wire
12512b connects to component 12520 but not to component 12522, and drain wire 12512a
connects to component 12522 but not to component 12520. Since the ground potential (or
other controlled potential) is shared among the drain wires 12512a, 12512b and the
25 shielding film of the cable 12502 by virtue of their mutual electrical connections, the same
potential is maintained in the structure due to the common grounding. Note that both
termination components 12520, 12522 could advantageously be made smaller (narrower)
by eliminating the unused conduction path.
A more complex embodiment demonstrating these techniques is shown in FIGS.
30 32¢-32f. In those figures, a shiclded cable assembly 12601 has a fan-out configuration.
The assembly 12601 includes a shielded electrical ribbon cable 12602 connected at a first

81



250f the term nation conponent, e.g., between the term nation end and a
connector mating end. Stated differently, a shielded electrical cable
may i ncl wsle 2a12i3036al ity of conductor sets and a first sirCelusezeng/obishon The
plurality of conductor sets may extend along a |l ength of the cable and be
spaced apart from each other along a width of the cable, each 30conductor
set including one or nore insulated conductors. The first shielding film
may i nclude cover portions and pinched portions arranged such that the

cover pOféﬁHQ@% t&ﬁl\{&&io}{\@oégégénca):f@éﬁ)? Bd éé&%@%@%@?&%ﬁ’d Eﬁlf(v@f?af’fé%gf?{ inffts and

t he pinched portions are disposed at pinched portions of the cable on each
si de of ehch sgumdecimoutsettionFhie tpiminatidntopmpboneunie2012624 32620y Anizdsude one

or nore first conductor. sets adapted,for high speed data tra i §sion and
oneor  noPe aBRRAEiR 0o LB B eadbap ke pERe DS 26 s o B 1B | ow
speed dat@plr12662iaidefthreeléndatBE dtd Shsudabd BonMYtod, 8fe batxldl d&ecangecond
shielding filmdisposed on an opposite side of the cable fromthe first

shi e} di ngwoitivinax Tyeescaigl eghiyain matca d26 Rafhr $he eighi draini wieesiaie ell ect ri cal
contact with.the firs hielding film and. al.so extendi al.ong .the | ength
of the captaiclfsobidlegO Rt iR ARRR PO TR B BREACT, o

conduct or12602. Th&Pdaxsdl BGnducr YetadohhdttOlo thinfifitidn@uipdhest 12626l wat efmakavi ng a
center-to-center spacing of 10al, and the one or nore second conductor sets
may i ncl y@BdictarsebsnedhHuictminaten cmpricns] 204 eans the ather Hvinax eadyetar

i nsul ate I - ! may be
o eat or - CREOAEE §f SrlAE S BNl 760 S, R R SRR Urs By RDE,
contluct orters@hstioneyongloneitd 2620 atntje firdt endofihnghlde pAdingghto€ thet dreincalbdse 1s | ai d
flat. Furthernore, the one or nore second conducto i ncl yde a

sets. ma
second cdRtlRE FNSEEd L5he TR AOpcaPEPTYYS Bfhg e bt bl de B in a
stacked arANORTENIBIAS :hB 12600l fay S ddhhBorbd R appldiiaRNBnbict TR loh !

conductor sets may be adapted for Xi mum dat a m ssion rates of at
| east 1 Gopsingtianecompmipontt]1 2626, a@Hizlyain wpres d2@l2gl andd 26bhsmapbooonnt2ted t&Hz) or

, f i i gnal f f at | 1 f le, and
the one. GPDIBT ERSSBI ¢ GRS Ou e e aRr AT b and SF Pl Ay "
trapsm ssixgmg ﬁffag%e 28hMatcdas 8pprepSatt bamubtitdpand dbRuhidtién &iaponcai | ess

a

than 0.5 Gbgs out 250 MHz), for exanple, or for a maxi mum si gnal

f r equencyl2682| Adsantgeaudly.iarvayer, (ess thapall dight oé lwrdstia wissan he comegisle fir st
may be adapted for..maxi oum d ransm ssion.rates o t 4 east DS
(about 1. 80t Gy Py FRPAR A0 Ao sPE i Sh B hkerity B nGREnly R,
t er m nat iwifesCi2EpRa it 1259dh sposednals bainki cofbcctditto @ppiobaate@bhductiVhpaths r st

term nat io%nthg 8&3}?9&?1% Iana . iBr;IC(Lnlili?t?ngatermination connections between the drain wires
20 12612b-g and termination component 12620, the manufacture of the assembly 12601 is
simplified and streamlined. Yet, for example, the drain wires 12612d and 12612e
adequately tie the conductive paths to ground potential (or another desired potential) even
though neither of them is physically connected to the termination component 12620.
With regard to the parameters nl, n2, m1, and m2 discussed above, the cable
25 assembly 12601 hasnl =2, n2 =8, ml =1, and m2 = 3.

Another fan-out shielded cable assembly 12701 is shown in FIGS. 33a-b. The
assembly 12701 includes a shieclded electrical ribbon cable 12702 connected at a first end
to a termination component 12720, and connected at a second end (which is split into three
separate fan-out sections) to termination components 12722, 12724, 12726. As best seen

30 in the cross-sectional view of FIG. 33b, taken along lines 33b-33b of FIG. 33a, the cable

12702 includes three conductor sets of insulated conductors, one coaxial type and two

82



substrate and a plurality of conductive paths thereon, the plurality of
conductive paths having respective first term nation pads arranged on a
first endwofzotsoderr st term nati on conponent. The shi el eet/usendwecicar s of
the first and second conductor sets may connect to respective ones of the
first termnation pads at the first end of the first termnation
30conponent in an ordered arrangenent that nmatches an arrangenent of the
shi el ded conductors in the cable. The plurality of conductive paths may
have res %@ﬁdxwgpe%%gir@%ﬁ%aﬁ 1AtR393HHRET #H%%ﬂ%&ﬁ%%& dr€LMeNaticafy pads
arranged on a Second end of the first termnation conponent that are in a
di f f er entcoancctatigterst teasttdnanandhatfeoblyt tve shielding tidmyimthticalple 2d82. ohhet he fi r st

R

conduct orgnh&¥ todSmilfAtion ORFRESAN2Y4 A thd @hhawshixelod@tidr emamectanpt her,
do not necessarily require associated ground or drain wires, and may not
need t o Hemeinatianeeifonett i2dpbdadeB thith eonskigof sets epnricaictorthoicaminggon hem
together in a c ving hi eed .signal..pairs is that,they can,. be

ai Poneq. antroar Az L8 hh el sHpEBE bR IR RO R bR LR o PSR BE) s,
whi ch regbt teembiarich co@pSEMBI ak kthaMcténh didnduiishanddbhQut., e @UtONHERIRE adlli gnment
to a paddle card, for 10exanple. The sinultaneous stripping and term nation
process (1% MmpRbacoHICEE( @ APHORTHY FRNAYSER RatheRICHRINRGEIMRANCHY of
contacts) th . I i i S 1S

part 1 oul A6 40 Siih Mk 27 ERPR 789043y RECoMEC PR 0RRHe SORARITe

FI GB) 33@athsameectniiomionciongons@ 724 rakd draiawsresfl22Korapt 42y12hiney bed

el ectrical cables 12802a, 12802b, 12802c, and 12802d tha& can_i ncorporate
the ni xed P8P LOGPPOPFIACAPdICtys patlip o feripRationsBRIP ARG 42 et igdily i ncl ude
two 0pposgskeSil Glaf Wled drk EBnRSicHiS S SEHn A HMAEIRAIRI2E on Wiel AlsSthidlAD!
cover portions and pinched portions, and sone s |e?ded conductors grouped

i nt o condbetable. st theddstpne df fhercablcgthe ofee tval dtazn wiran s i, dsiiowires €271@anduct or
sets 128043) d sonme shi el ded conductqrs. grouped into cond r _sets
Sdapt ed ron ARIS sEetrasa o SR 0L Ghdit onh S i Sra 8L 85

congsict oronsigty tdRHiAB R eonhEGHIAS betwias heai¥adiirNR 781158 ahd efRimbby i ncl udes
one or nore drain wires 12812. The high speed conductor sets 12804a are
shown as cowipeasntd3r?® ang betweeh draic vieilgdal2a angismainaticn eoonneasst 2726, ansl

di scusseq &l SRR DE A1 In TRk MBEn SAGEhADTHA 6 SANIHELOLS r & Shown
as being St er PhaV|ng 5 Smaler dranet BY Or T ransverse éﬁnen3|on) t han
the hi gh speedy il2pol igkreblddug kessnlikddnce the former conductors may not

25need to have_a controlled i npedance. In alternative enbodinents it may be
necessary or avithmesagbEUse parapgiess al.ngdr Hér andiay disensed ebavekthesablar ound t he

§Peed, condyh AfS, SHTR 68 18 hpe highdpeed conductors in the sane

| o
cable. However; since spac€ Is often at a prenmium it is usually desirable
to make the i ndahadthererhiudikiags sregssbigl butas gpasaiibdan. beNdyantagesas tchat wire

auge and pl ating. e different for the | ow speed |i.nes conpared to
gaug utilize the s%leﬁgf tme cgble to connect two separate ground connections (con(gl%torg)

together to ensure that the grounding is complete and at least one ground is connected to
cach termination location at each end of the cable, and more than two for a fanout cable.
25 This means that each drain wire does not need to be connected to each termination point.
If more than one drain wire is connected at any end, then the connection is made
redundant and less prone to failure.
We now provide further details regarding shielded ribbon cables that can employ
mixed conductor sets, e.g., a conductor set adapted for high speed data transmission and

30 another conductor set adapted for power transmission or low speed data transmission.
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30t he high speed lines in a given cable. In FIGS. 33c-f, the high speed and
| ow speed insul ated conductors are all arranged in a single plane. In such
conf i gur avpanr/03dis7can be WO 2012/ 030367PCT/ US2010/ 060620 TAS2@ampe@US t O
group multiple | ow speed insul ated conductors together in a single set, as
in conductor set 12804b, to maintain as small a cable width as possible.
When grouping the | ow speed insul ated conductors into sets, the conductors
need not be disposed in exactly the sane geonetrical plane in order for the
cabl e to ¢&lakbidr mawﬁerd%}?f oL AR RO O WALIAR dy iRl ARGoR AR B 12902 of
FIG 33g, tor exanple, utillzes OM/spee I ns d conductors stacked

t oget her referrad coapastetspdce t o forn1conductor set 12904b, the cable 12902

I i ncl udi hi gh d d : 904¢. St acki th
ow speed | no SIERed SORGHLDR £ AR St REHS ot LAY Bt SO Bowplat and
narrow caflo® ot gétﬁ:hléiﬂ’fi peBRYighAtraR§MistidR ($06ided ¥ anbAaeindf ohehakR@rd he

Oi

conductors |ined up n an orderly linear fashion (for mating with a
| i nedr arar@pg@ﬁem@rﬁmé@s spaedar pewnt mﬂu@nr%b@tb@ﬁ@m rafiwieq infiglgigon on the
term nation able 1 al s de Shle|dln fllns 12908
and drai fORES, SO EmRE RS B KA YRR POZE SRRET TR R Theng

differ ent“smanmmmfudb@m ﬁmﬁd S A Ui iatcecbn@oniductiRdnss. Whee kid WA Siktaadgement s
for the | ow speed insulated conductors such as shown in sets 12904d-h of

FI G 33h ipdigatas sidelsad ysaeg is awpideith s¢orgsped vendsr-spectBel asiogreen wifﬂ@né Hb%l ded
cabl e rel;ap %%3111@ Lg%@éa[ri‘d%% ?ﬁu@BE@ﬁgg{@&?y@%ﬁ; "éﬂtstdQscHBsd fARLES

partlcular con pat he termnatio conponent can
be tonfi gpedtcitonrSFi-se GO ps adlckgaalos oflyold0ditz, and dogevertquoa one end
of the term nation co n e.g. atermnation end of the cable) to a
di f f er entMigh PY q@ﬁd%ﬂwg%posite end of the conponent (e.g. a mating

end for a Zocoﬂﬁﬁéc%ﬂ theldt6redbéifses RE BPBMTRThat TRY tal1BFcdQ BTN it AP | S€

hspl
a different order of contacts or ?ﬁ %h ductor paths on one end relative to
anot her dngh sifeed kignale and et $pead signge @oweT rensmisaogeme hidingreablee

T G T TN R

oppesi t e RAdic@brd) REnFQIRYIETH BBt albthelshicdl R BN BN Aike ichBIb alsa@%dd or
connect or 25arrangenent dlfferent fromthat of the cable.

re-rout i regsedgraderein conpt isekedtibshight mbdlﬁcn@man%peglﬁcaléjaltbe dl@@lhmdcﬁheelded

| ncl udi ng. bn exepl atik SUbRd) N5 48] 08, 0N%OLIIBLEN @5 L GRER! At i on
with a mi ayer Clrcul oar construc |on ransitron a |ven

conduct i MewRatdd digmmrandniksién bayek high sp&ed| L@l trénsHECHO] ih adﬁaﬁon o thbe
printed circuit board, and then optional tran5|t|on|n%7back to the
G

30first |gpdictorsstdhaaanpdapteddprehighsogsdi %yattﬁ?’élsmbﬁﬁlo{% gkthe frany/grgund 45 and
340y WO 2014/ tﬂﬁ%ﬁ ST Ha2RH04 OPR84 e1ded cable may thus include at least two sets of

insulated wires that carry signals whose data rates are significantly different. Of course, in
the case of a power conductor, the line does not have a data rate. We also disclose
termination components for the combination high speed/low speed shielded cables in
which conductive paths for the low speed conductors are re-routed between opposite ends

25 of the termination component, ¢.g., between the termination end and a connector mating
end.

Stated differently, a shielded electrical cable may include a plurality of conductor
sets and a first shielding film. The plurality of conductor sets may extend along a length
of the cable and be spaced apart from each other along a width of the cable, each

30 conductor set including one or more insulated conductors. The first shielding film may

include cover portions and pinched portions arranged such that the cover portions cover
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In FIG 34a, a cable assenbly 13001a includes a shielded electrical cable
13002 connected to a term nation conponent 13020 such as a paddl e card or
circuit bserdi2/d3essing a substrate and conductive pat hs @ECmaliSaaioneee g.
contact pads) fornmed thereon. The cable 13002 includes conductor sets
13004a, e.g. in the formof twi nax pairs, adapted for 5high speed data
communi cation. The cable 13002 al so includes a sideband conprising a
conductor set 13004b adapted for | ow speed data and/or power transm ssion,
the condygt péndselor IAOMOHMBAKING hHbnd 415 Uk FbEA o BHEHES RiiBohdoflthi Sabl

enbodi nent . A&terr%%e cablz féooé hag beeﬁ$nass ?ern?%@%eg, t he d%ﬁauctors
of the vami@uob siderlferhaondets setvEhegqdmalitt arcoedutsort setmay imcludanecoed (e. g.
by sol dering).to respectjve en e..g. contact pads) 10pf the conduct,ve
pathe. on DR RN O S OREN O S0 af Tan b Sn SO TE O He
conponenteondit®orlcRitRAGHte® Bt HoNer BhikekisEads Bl pb& §ANHEEIMiVEoPat hs
correspondi ng to the sideband of the cable are |abel ed 13019a, 13019b,
13019c, 13019dlheahettiidabyatde magabsangdudd aisachiad shoeldmg fflmohsnosgd ewabot t om of
the term pati.on.co ne 30 al th h oth contact pa ogi.at ed
w th i g epuB ESTAREE Rl FoRAke bR MIRHM R BHE Thec Bl 5y PR FF IR
contact paigsinadleduticul tortadt vaetthd 3R QAkIdidhEIne endlaled umendiag hidng aic lbheh

si deband contact pads! 3019a-d, which are shown only schematically in the

figure, ffithg eableithe ans@r srorpfiré conshictos sefe mayay@ude pfirst pendgswpstient 13020
d . . 1 ] d
o SSoss Ry RIS LRRA e CIRCR RRTIAE LR ARG  oor

e ‘conp fo connect co cont act
padi13021d41, emd theens ec motk @dnd dBddbionfcts mey 2@dirposeentd coaddctbosec onnect
contact pad 13019c .to .contact pad 13021c on the.second end 13020b, of _the

conmponent OMRRGNES RIBAHECT SESIRIU I BEtcomsyTion hayingohtatapraanieaweade6h t he
secon de QQ, 330480 Rha fb&g‘i‘&t&?ﬂ&%ﬁ% Mhe jhiuhd §0ﬂ&ﬁ1¥tor§mﬁé’ 6L Oy rﬂéite}}ﬁfto n the

term nati on conponent "are configured to re-route | ow speed signals from
conduct orcogétct@r3®64hay albbe amangad reamgegiemiancavizndhalyabbmisdmd flehd 13020a of

the termmnati on component to a different 25arran nt (d-a-c-b) on, the

oppos! t o ARECTRISIE Bre PHEoEampUisarditior s op EREIE R setia e io b ot an
al t 1 nat inQingabl18rafssEhe s HIRAEBndRAsEs 1 MithAed aBfaBE@NGR WhdNBicAdableds e used
to identify the same or simlar parts. In FIG 34b, the cable 13002 is mass

t er m nat daiddhg Tonarceradonedirst coadydteracisanayckmpbntediforaamuphian is siml ar
in design.to termnati [of0) ent. 13020 34a. |l C 0 13020,
SOConponglrrlatnSTé%lfﬂ rates £ leas{rP%% S ﬁl.e. about (% (()],ﬁ]zgupetﬁg.sg. (I%F i&go&s]ga{g())up?fg

I ich udes contact pads” or ucti Ve~ pat hs

cor r esporGHArimorthér ot dahamsurakighhiefrepbhe H3IOMAst I QEIzCAtaghplpaas thei ng
| abel ed 13023a, 13023b, WD 2012/ 030367PCT/ US2010/ 060640 13023c, 13023d, and
they are WerAMEYSseANd Firdugion sets May pe rdpted s MaxsmigdatafEns BisHoRdRiCHN

CO”P@“e“tthét%?glfeﬁs( b RGN é?%ol&gb.sc(?f%)?g%leﬁ’satﬂﬁn 8%;%%%9%3@ 22‘6;) m%%%? speed

conductors o e cabl e; resent ove an W cont act
pads on tdrembig; st foe nanadkdidRasigial frbqueaoppdiventhad B@#2) or 0Th & H= fisheghinpke. pat hs

for the sjdeband contact pads ,13023a-d Sare ain shown only_schematically
in the fiS'Bl?r‘)él.e OF fge fitx mafie@ﬁageiﬁafwlaywﬁapfa%@%@@ Tpiey 8F &t lg#st e he
componentGy3Qod.sNEAGEd to connect contact pad 13023a to contact pad

13025a on the second end 13022b of the conmponent, and to connect contact
pad 13023b Such an electrical cable may be combined with a first termination component

25 disposed at a first end of the cable. The first termination component may include a
substrate and a plurality of conductive paths thereon, the plurality of conductive paths
having respective first termination pads arranged on a first end of the first termination
component. The shielded conductors of the first and second conductor sets may connect
to respective ones of the first termination pads at the first end of the first termination

30 component in an ordered arrangement that matches an arrangement of the shielded

conductors in the cable. The plurality of conductive paths may have respective second
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to contact pad 13025b on the second end 13022b of the conponent, and to
connect contact pad 13023c to contact pad 13025c on the second end 13022b
of the cowpanex3p3cand to 10connect contact pad 13023d t @cCtarst@onsadd 13025d
on the second end 13022b of the conponent. In this way, conductor paths on
the term nation conponent are configured to re-route | ow speed signals from
conductor set 3004b from one arrangenent (a-b-c-d) on one end 13022a of the
term nation conponent to a different arrangenment (a-c-b-d) on the opposite
end 130_2%&119{1&5&33@199 TRANRALN ol ddif &amf%@ﬁ@@ﬂg%fngﬁorpé%@cﬁ%nt hdBar@fifl, 34D
are simlar to each other insofar as, i1n both cases, the term nation
conponentdifitrgsi amngymes-thauthaetsofchan st tarmemapean hadsfarthe ovst spéed si gnal s

nmp ym p g
across ot her nducti ve ths for .other |ow speed sjgnals, but not across
2y conduct | vel Beentiate RN GRee Rl a8 G APERRSE O Radt oiii 0Bs Devarty
not desi righk@iskonmRtigcluaVRREES!, o BAR)i§uAGhaTfcd@ cdidbiosedish@nal path in
order to maintain a high quality high 20speed signal. In some
ci r cumst anveessariltioged erbe shiddedprapenc site¢rddmpot(necepsardy meqwrel agsastated r cui t
board and_adequat e shi el ding. | ayers this may.be. acqonpli-shed with limted
o gnal - aegp A Asn SRl ph R TR ok 3 PR R B GRTR, TR R
There, a iakirpbdefl tlegcCbpétbal inaahble hh3ihg dighpeedsipad paeels thasbeyt &hrbecnat ed,
connects to a term nation conponent 13120. The cabl e 13102 incl udes
conduct oraligaedandemigated igyong siep. hEhis difprofrommony spdienglLables, vliglbtsdire or hi gh
speed dat I k . al [ acl i nd
conprisi%%ngggg#gﬁ%?%?%ggp%?gﬁggg{ggég%gén Sﬁngaﬁéggg%ﬂg%?%gggglor power
trandm ssixampld Mthecondtuous sieppiddOQhfermuii orgpronessi(tosilishesroondusingie i n

this enbodinent. After the cable 13102 has peen mass terninated, th
conduct orédgE PREOVRCREY S et s b tﬁ%&’é" FERATRI: “Bhie RHLweds e
connect ed;lifJs BMiﬁﬁl%hﬂ%{ita{ﬁ@geB&, FOLARPRELI SN GRe CAGisgpnt act pads) of

t he conductive paths o e termnation conponent 13120, at a first end
13120a of the H6Spdhehire fithe croshs@tibng) atkvor ofeixbmplagnshicfled Electdeal cables

2012/ 030 1. US201Q/ 640 tive path correspondi.ng to the sideband
of the caionss.d Zrath. 1aROAES s EANNIH ShareSs BRoMeSR B S RRAE SRl ryF B56de (rr om
t hejper spaghiof theQimboldimemé Gy atdudeads Jpgéseufsﬁiemigihﬁnm%mlsgehe
conductor sets 13104a. The conductive path Tor the sideband contact pad

13119a, whicahereshostipwmitio pitpblciosandrdens apdiptnahheé peitigos,end gemg shiekledi as
and/ or ot her, atterned |layers of th oyponent 13 s needed to connect
cont act pcgad&cggri %outpgg nto COnauctor sets agap(%e or ﬂlg'ﬂ speedl d?a?a fliransmlssmn (sce

conductor sets 12804a), and some shiclded conductors grouped into conductor sets

adapted for low speed data transmission or power transmission (see conductor sets

20 12804b, 12804¢c). Each embodiment also preferably includes one or more drain wires
12812. The high speed conductor sets 12804a are shown as twinax pairs, but other
configurations are also possible as discussed elsewhere herein. The lower speed insulated
conductors are shown as being smaller (having a smaller diameter or transverse
dimension) than the high speed insulated conductors, since the former conductors may not

25 need to have a controlled impedance. In alternative embodiments it may be necessary or
advantageous to have a larger insulation thickness around the low speed conductors
compared to the high speed conductors in the same cable. However, since space is often
at a premium, it is usually desirable to make the insulation thickness as small as possible.
Note also that wire gauge and plating may be different for the low speed lines compared to

30 the high speed lines in a given cable. In FIGS. 33c¢-f, the high speed and low speed

insulated conductors are all arranged in a single plane. In such configurations, it can be
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contact pad 13121a on the second end 13120b of the component. In this way,
conductor paths on the term nation conponent are configured to re-route a
| ow speedweigrezl3oderom conduct or set 13104b from one arr OYAISR010/060640

(i mredi ately above the m ddl e one of conductor sets 13104a) on one end
13120a of the term nation conponent to a different 10arrangenent

(i mredi ately bel ow the contact pads for the m ddl e one of conductor sets
13104a) on the opposite end 13120b of the conponent. A m xed signa

wire shi G‘a!d@%ﬁa%e'oﬁ&‘é& %1%%{5 nﬁgtméﬁld%@éﬂe@@ ifs R QERRERrod %%el r@f a ﬁggllggetl ¢802a in

FIG 33c was fabrica own in FIG 33c, the cable inc four high

speed tmhnamuhmﬁduc&ﬁ%ﬂ@@ﬂenammamneshmMmspbbdednmqm$$bbset di sposed in the

m ddl e of the cabl e.. Th abl e S e using 3 u A

a1 1 ver - i at od WnFogrorBnEdie O e FRuARS gna e i St T N Resacednuct or
sets, antho3Be dRPERI (AVECtLY it RhRtREMMI@PphAY intdi8er! BMHSRESIE tSi@NAk Wire in
the | ow speed conductor set. The outside dianeter (OD) of the insulation

used f or geherally glingpeoadigwiatien. Hhislded cekle 02902801 iHEhesg, fanekatipée, @bliads t he

i nsul atiqn_used, for,_the | pw spee iLres was about  0.022 pnches, A drain
wre aas BraBEynalbaG QMO TEG e ST P PR SEE R lRORAN AR "ac.
The cabl e12994b,1Rs Sabsd 1290Reho iacldding Gighl ho@d cobduoLsds1298ue a0 2%y4ed t o
correspondi ng contacts on a m ni-SAS conpati ble paddle card. In this

enbodi menttackang the dewd seacd vesufecheonghctorsdn Hig aandelpsEedde o geepadt aggn t he

cabl e end b5 Buc AL b b D8 IRABELAELLSMEELRL Lo AN HhOD

crossing each ot suc e contact guration was t

on bdt h dnds oaderlzFinker fastdoh Eocmntng Aithhdinegr aply adfcontaets beautiingidner m nat ed
cabl e assenbly is shown in FIG 34g. l.n refergnce now to Figs. 35a
and 35b, SCBYPBER YT IRASS frEpnalian adge e3Rls 12Ul RGNS QRRES digZcabl e
constructd)gn 1‘29?8)5&1 Mint Wir &M 1 2RI sBo S D RO TR vaT n%bB&irﬁéﬁYseiﬂ%lgﬁrg

Generally, an electrical ribbon cable 20102 |ncIu§es one or nore “conduct or
set s 2010#4ffer30Eantberoofdowtspeedsiasul20d 0dndustirs) deskingarengammgs ootiguowor s

e.g., wres). 20106 extendi ng,from end-to- o he..l engt f the cable
00102 EapredinSngl cSRhERTLEnh S o SR dn b Sn maghla B pidl, £
20198 al ong t hendtRAGkkecObf bR dGahEwird BBickieN datit Rl sie2@LBGnia4naf f i xed to
first and second filnms 20110, 20112 that extend from end-to-end of the

cabl e 2010mpgnentapseddiigpbs sablon bpposivia, gindegoppathen cadseazefdr. A

consi stent _spacing 20114 is.maj ai ned bet n the.firs ielectrics 20108
n[e 1gat 5can b %E ; lts
t

of the conductors 1060f 5eac C%%E 6%4%He§% %ﬁé%mgﬁgﬁﬁ H%HP%%gth of the

cabl e 201P@ngdn&R0aic ¢hé bt tirti2RibhGompotlérs PO S etkcihinBiith EdteofIPacibig
20114. The dielectric 20116 may include an air gap/void and/ or sone ot her
mat er i al .to a different arrangement on an’opposite end of the component (e.g. a mating end for a
20 connector). The different arrangement may for example comprise a different order of
contacts or of conductor paths on one end relative to another end of the termination
component. The arrangement on the termination end of the component may be tailored to
match the order or arrangement of conductors in the cable, while the arrangement on an
opposite end of the component may be tailored to match a circuit board or connector
25 arrangement different from that of the cable.
The re-routing may be accomplished by utilizing any suitable technique, including
in exemplary embodiments using one or more vias in combination with a multi-layer
circuit board construction to transition a given conductive path from a first layer to at least

a second layer in the printed circuit board, and then optionally transitioning back to the

30 first layer. Some examples are shown in the top views of FIGS. 34a and 34b.
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The spaci ng 20114 between nenbers of the conductor sets 20104 can be nmade
consi stent enough such that the cable 20102 has equal or better electrical
char act erwetpp#3dBrhan a standard w apped tw nax cabl e, palrarsgomiosds4é npr oved
ease of termnation and signal integrity of the termnation. The filns
20110, 20112 may include shielding material such as netallic foil, and the
films 20110, 20112 may be confornably shaped to substantially surround the
conductor sets 20104. In the illustrated exanple, filns 20110, 20112 are

pi nched t 0get NGTki&03 .08 Mk AlschBi | A03a HEs DXl nfc, KA PRoa! ong the
cabl e 20102 15out side’of and/or Between conductor sets 20104. 1n the flat
portlonsc@@m&&ﬂiphemmmhMBnﬂﬁmn©mm®03920&umswanmﬂakk@nbunmmuhhomﬁe conduct or
sets 201 ter of the conductor .sets 20104 except
where o Srding aapuptt R onaGe AR lfRi g iF PR BaRRL BERT R ABS50 10,
20112 lOkﬂbﬁngoPhﬂﬁkbsE&ﬁm@%@@&kﬁ3mﬂ@V@g1BQﬁéﬁﬁ@&ﬁ@@nﬁ?%aﬁbbﬁ&ﬁb@ﬂxf'|”E
may collectively enconpass at | east 75% “or at |east 80% or | east 85%
200r5 at  |heglsspeod dagp cgmmumecapem ?Eb‘t @4’01@)13(B)ﬁya18@| ipendesonddabend C@eprmwal e the
filns 20110 011 R1i\ a ere herejin S, separate

pi eces of <o 'lﬂlllC% rsteﬁ%se Bfa Ea}fie(?r& low ee%a(ﬁfa andfqr pg 1Ftér?:lllsa "That” the filns

20110, 2Qbﬂl&udﬁ@yseﬁlfﬂmﬁlb&lhm\ng|fb‘urbﬁ51ﬂéléd’f'&ﬁ1dfubt©i’6 i thils légib@dﬁﬂfeﬁetAﬁf:r thel m e.g.,
fol ded around a | ongitudinal path/line to enconPass t he conductor sets

20104. 257his 13402 basipro masairrainggsd; Helcaaducarapt thevariovendrest sssucas one
coupted st GRS R HE bon R ted By Wil efpdtile BEASGRELAAERTIE) 1 1 ons

al o t heofl |tlm1g1nhuﬁfvetﬁadlsmbheteﬁﬁﬂtﬁﬂon Ganpmwlnt 13 20eatdr fisnenasl 310280 &0
provi des convenlenhsaccess t on h ends of thg§cable

f
el ectri caﬂOFSPOP%‘}tm £PRigetPadyor of ?rcﬁI:‘H%IP Gy CORBIcHRS Byt ?@T%‘Pféﬁ?%o therhe

drain w rs?de%Q&c?thﬁgeﬁMe Qile%bé@@d Ps‘b'iﬁh QMO?% t1‘30ﬂ?§@‘13@ﬁ)d$ Qﬁ'ftﬂe?\é %
coupling between t I'ms 20110, e.g., Wwhere 10,

20112 |noh@ﬁéoshrébdumgt@hbmmnafﬂmVﬁmﬁ@&Kmﬁ©ﬁﬁﬁﬁﬁEIBWBEOMﬁbmﬁﬂﬁhe' I n

reference now to F ross:section di a rans il te yvarious
Lt or o 0ae! EsoheRauet Pk mat SR e st e e AL T dhE e
nunbers ndebRed siestt 89@15' dHth6 &t R cANRB DAY STEOFRRANEN Spa@ts foPthetshRbardd gur es.
In Fig. 35c, cable 20202 may be of a simlar construction as shown in Figs.

35a- b, hcﬂ@@tﬂé‘?p?@ﬁl §0tﬂﬂed,fwlnlnh agshowh onbyoehonaftidelly isdiedjgaer, atibendas he

conductor to f.orm |nche flat 2020 The ot r . fil 20112 is
S obat ant iRy DRl ALIGR L Bl BR i 88 &350 DR EIdd HI OO 2

wel | as Clabh%to?&%ﬂa%t pmhmizan ittt dE:b@fd exﬁacsﬂe()b ub®s campondnt,tdnd tgaps 20114
as a second dielectric between first dielectrics 20108, therefore there is

no expl i copneéeaHactareldetih te Cﬁﬁ'ftaétrl?aél 139k gn thssrprenddSA20h ekths poi nt s
B e
13020b of the component, and to connect contact pad 13019d to contact pad 13021d on
the second end 13020b of the component. In this way, conductor paths on the termination
component are configured to re-route low speed signals from conductor set 13004b from
one arrangement (a-b-c-d) on one end 13020a of the termination component to a different
25 arrangement (d-a-c-b) on the opposite end 13020b of the component.
FIG. 34b shows a top view of an alternative cable assembly 13001b, and similar
reference numerals are used to identify the same or similar parts. In FIG. 34b, the cable
13002 is mass terminated and connected to a termination component 13022 which is
similar in design to termination component 13020 of FIG. 34a. Like component 13020,

30 component 13022 includes contact pads or other ends of conductive paths corresponding

to the sideband of the cable 13002, the contact pads being labeled 13023a, 13023b,

88



drain wires as discussed el sewhere herein. In Figs. 35d and 35e, cable
arrangenents 20212 and 20222 may be of a simlar construction as those
previ ouslwoderosdised, but here both filnms are confi gur edCTask@0/060640
substantially planar along the outer surfaces of the cables 20212, 20222.
In cable 20212, 15 there are voi ds/gaps 20214 between conductor sets 20104.
As shown here, these gaps 20214 are |arger than gaps 114 between nenbers of
the sets 20104, although this cable configuration need not be so limted.
I'n addit '1(3'@239 180151 Qﬁl@th%g%ilezlarra(h%% & A Ade Aok 't(ﬂ) tobRoht i tHdRPmination
supports/spacérs 20224 di sposed in the gap 20214 between conductor sets
20104 andoomooattdi3az2 (aﬂtht)lhgl atberchontaot pa;ie; Esss@ﬁdtedlw@th hgeh spoed veeinctarscafnduct or

set 20104 and . 20a | ongi t.udi nal e, of. the cabl e). h ts 20224
rmy bo. 1 GBI ar Henah e gRd bERGLE N B Rt n tbroARSeBhERIZ st 1
provi di Ng,fkd sphpbndht S22 NERSABERE pats s thd 8idebRAlbhGad pJas 2PeIFal @S Of
the cabl e 20222." The supports 20224 may incl ude any conblnatlon of

di el ®ct riacs agans shoatr oy semdra@pallsyhméh@ﬁagenﬁhey italizs ‘fl@ﬁranﬁéﬂiilolf@f phigerned
mechani ¢ and.electrical pertl of the 22 as .d SI ed The
Cunpor t o 3504 B ESLROTR 12 SR Reah R SRR LTEE o Bt

confi gur eid028a fiawicngcdldtcadNIVR2ILHOHS c6@ ?Me@ﬂ&hd@&ﬁﬁ%et&i@ﬁﬁc dcmulzaljs and
rectangul ar. The su gagts 20224 may be forned separately and laid up with

the conduetrentagiaad 1 lumthﬁ@e@aéleedéémb&fdb@ EMMPINHERG O LANPEICPBIRS, t he

soonbl od it g Bl RI0B95S, GPAL Pion iy 13427, Je oo RBP R G o

cabl@ consmnunbmﬁmspﬁ@13@1%2@2ﬁﬁch@83202ﬂmaQﬂmde&nﬂuhddSﬂhnweﬂhay i ncl ude

ot her features no@Q;IIustrat For exagg in addition to S|§nal W T es,
drain wi ri@SWPoR¢RY bWy (588 ’?‘F‘@f‘i JeFa BN GPBORRFNRE £8n gHed Bapl e
may incl H‘é%&@‘%‘ov@ Q%Jnh CoRIuclos %t X084 WohBSheSOIRLANE(SbELE to as

si deband. Sldeban can e used to transmt power or any other si gnal s of
i nt er est .onSicdé BadRLanfitestc(ramatient boragorgnttiorn differes) anangeinentdpetodpoh thict hi n

the filns_11Q0, 2 be. di sposed outside the filnms 20110, 20112,
e.g., bei®§° %Eﬁ@%ﬁéﬁ%@”%@ﬁ?ﬁ%@ﬁO?ﬁ% films and an additional |ayer of

mat egi al . The MardaBlel QaentIRS 6f FIEY 3ahaN® 308 ¥re Wirhildr6 ¥ dtRdtSnsoPirisNiat | ons

of materials and physical configurations based on the desired cost, signal

integrit ybotlaweswﬂmaﬁm@aﬂlorpwm@memaﬁly@malﬂm@ fogtos lcondvgtivabaths fohew speed

consi derast |n% |Csostsg hoi eloef efo%&gp% di eI ctIrlal11 rrgtgtrl a(;SS%I(IJMG
positione N The %e@ween EoRduct dr seg %6) OV HRPE Y% cond

10di el ectdohaudﬁazy pbths marrlﬁglcsﬁead sighalk Nlreth@siegdrd, 1¢maa1wﬂ@dteiemﬁe>lec@ndwet or
sets include a differential pair, are one ground and one signal, and/or are
carryi ng lewepegsh Ségﬂfaé% CHQPS @.hg%&p@ed Fghaldgtinp|csder (@ magitaigg hagh Iy Peh14 as a

second dig &Fstl rﬂeec?#lu sfalcd, 11 N %‘ﬁ? {og& S(Sfl?&&lhgﬂé gaﬂﬂm‘\}fﬁé{g&oss L5E

of an air gap nay a ave o her ’a | ow
wei ght, amdunmomdaaéddap@kﬁmkﬂ@nghwbmbymsmmwaxﬁnmmppbﬂmdmamipnm@bﬁgmmg may

15be requred L9 eneule,consl steht spaging, ofrhe, COpductons, fljat form the
clectrical cable 13102, which has been mass terminated, connects to a termination
component 13120. The cable 13102 includes conductor sets 13104a, ¢.g. in the form of

25 twinax pairs, adapted for high speed data communication. The cable 13102 also includes

a sideband comprising a conductor set 13104b adapted for low speed data and/or power
transmission, the conductor set 13004b having one insulated conductor in this
embodiment. After the cable 13102 has been mass terminated, the conductors of the
various conductor sets have conductor ends that are connected (e.g. by soldering) to

30 respective ends (e.g. contact pads) of the conductive paths on the termination component

13120, at a first end 13120a of the component. The contact pad or other end of the
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In reference now to Fig. 35f, a cross sectional view of a conductor set 104
identifies paraneters of interest in maintaining a consistent dielectric
const ant wetwea3zomonduct ors 20106. Ceneral ly, the diel eeCrius2eionsicant of

t he conductor set 20104 may be 20sensitive to the dielectric materials

bet ween the cl osest points of proximty between the conductors of the set
20104, as represented here by di nensi on 20300. Therefore, a consistent

di el ectric constant may be nmi ntai ned by maintaining a consistent

t hi cknes f [ j igge, . if i+ gap 20114
(whi ch rrasc?)) %e %g%g@rcogaagpog@ﬁ{fgﬁﬂtﬂeéd& %m&)tg %\t@gfn%te lefl@é&s 1Ia?%§(tp¥?§9r§m%@rllt% such as
di el ect riacraB@ddliBarsérbatnlyi abof¢ (fron3 Be)perspbttivenaf\F10e3 4 sontattipads fortthght | y

control ge tr f coatl f h e caonduct or 06 d the cQ nducti ve
F T 201 3505k s SRauTOR R ThReFERERE S B Mt foHEfes al ong
the | engtfadaB1idie whdd i€ shdvdd ob 1S RicEIPRA tﬁgﬁgﬁﬁ@ §tllmk’via@\éﬁdi/¥5?ot%@@t' ng the
conductor 20106 (e.g., solid wire) precisely wth uniformthickness of

i nsuf at o ryaétﬁlélleé tayetscof et @aripane2OlEI20 andcashé ty ¢q11@e¢tr¢en@omhsidt3d i9azt9>106 | s

wel | - cent are he.,coat i he thickne

20108 can’ B lgaltgle%o%Fhedgg%o égagepend&; ﬁomﬁo?ehg Iglaﬂl G’I’ 801161 opert| es
desired fpathstdm&h@asmhﬁlatlbm cSpdnchit hidabhOfFed & Radaidatiow sw:éd*slgml goai i ng WO

2012/ 030367PCT/ US2010/ 060640 nay of fer optl rral propertie @5 ., dielectric

const ant ,coBgugterrset E}iPdhdtany Angsiengemat (pmeaintalnrbove g mi
appl i cat 'cﬁ) Fudt QAR 054 ggﬁ‘iqghceéﬁd ﬁ§ﬂéﬂar£5%$‘%gnwﬁla%ﬁ P%y%deﬂﬁenzc;lf@&

m ni mum thi ckness i 'S us coatin may a ICla because
it by bemabg@ném (imnethatelyttfm)vdﬂal @atact gads dideghe atiddlcaheof @nd2@ad€ets 20112

better th re. t he various enbodi mrents descri bed above
may al so 11%3955 eﬂ?f?tt?ﬁ ?lﬁ&%%qfﬁhwnm?@ﬁm tati on thi ckness. The
dielectric 20%@%1152’&%1%%1 We%ﬁfé’ld‘e‘&%ﬁ&%c%l’@a{blé H@vﬁmg%gh&a e%%%%gch'éibng a

di fferent process/ nmachinery than used to assenb a result,
during filR802zablfl&. d3sweabfapricatedihis slown ol F16 8Bc, e ¢abi¢ mnluded fdue hgghze of

th 201 | t, of ty bet
hre) 3P ARt candb By s 10 e B s B iR of st ant
di el gct rigbroNskanble wasRediubBg30 dabig @SWeRIIVer A6€S8rca S tRORIBH 3 éb%l used,
asimlar result may be had b control ing a centerline distance

bet ween tSF@abWﬁdU@t ¢ vip@y oenduetog sets mnﬂéﬁ)gaugﬂw@\\&@gmsﬂ@tn@y«lr@ﬁ fqrﬁh@ may

depend Or]ovr\]zoweé ﬁru;e%ato E)\()avrs ge' c%%%igcrtogl [ren § arne (b%% 9£dUCt ors
106 can be d?he as consrst ency o e T\ YRT Ckness

20302 al |1nﬁﬂzﬁwﬂdlsé@fcg the mgm@pd@tirwlfdstvyas%o@tan@n&ﬁmcsz&m& (010} bﬂ‘ﬁhe dielectric
20108). However, because dielectric effects are strongest at the area of
closest pradatiantypedforthrlovomesd vies wopalmwt 0;022 inghes nd$i§aiD O3SV seatshe

corka o | Sl B0 %5100 2L R yELISETGPS Rl by,
assenbl y doy ifidicidsalngiroendsontre sdli¢rad td d:tﬁrezﬁkgaim@cm&cmﬂtMmlm SAS
compatible paddle card. In this embodiment, all conductive paths on the paddle card were
routed from the cable end of the paddle card to the opposite (connector) end without
crossing cach other, such that the contact pad configuration was the same on both ends of
25 the paddle card. A photograph of the resulting terminated cable assembly is shown in
FIG. 34d.
In reference now to Figs. 35a and 35b, respective perspective and cross sectional
views shows a cable construction according to an example embodiment of the invention.
Generally, an electrical ribbon cable 20102 includes one or more conductor sets 20104.

30 Each conductor set 20104 includes two or more conductors (e.g., wires) 20106 extending

from end-to-end along the length of the cable 20102. Each of the conductors 20106 is

90



The signal integrity (e.g., inpedance and skew) of the construction may not
only depend on the precision/consistency of placing the signal conductors
20106 relwDizoR/wB3362ach ot her, but al so in precision of pCaAISAYOLHES0
conductors 106 relative to a ground plane. As shown in Fig. 35f, filns
20110 and 20112 include respective shielding and dielectric 25l ayers 20308,
20310. The shielding | ayer 20308 may act as a ground plane in this case,
and so tight control of dinmension 20312 along the length of the cable my
be advantg [ o] e sane
ol ot ve e B B AR R O e o35 4T RELBRI ™, ¢
possi bl e 20806 atwéﬁxedi tstfast@ed stnl dilms R, 20¢12 nhatsmtrmdafmramgénrmmctoi( e.g

f diff 20310 30t { £ilms 20110
50115 arthsETop0 RS Ed iShOT 80 one e SasaT Re B o Sout et o i aver
20310) . haARd 200303 %E’r@%b&ﬁ@&@v@é@ﬁ@ GAQ diclectric< A 08 Ak LREBUItOrs 1060f

manuf acturing a cable as shown in Fig. 35f may be to tightly control

di stance @%Q@d@aﬁ@dﬁﬁﬂﬂéﬂfhiﬂ@% émleltgﬂmdﬁ&ﬁ@ﬂblﬁéﬂb@buﬁdem@@@lﬁhtm ahldés) when
t he insul.at,ed c ctars 2010 0108 e ed to e conduc |ve film
b0110, 503 15P05f WHFL HeRpdMROR A0 R Gt DOl RahldS S SR UAFMOLE Lt oo

exanpl e aihdhewosebtestmandiabconductor to ground pl ane di stances nay be
mai nt ai ned during manufacture accordlng to an enbodi nent of the invention.

In this exanplEweapasingr2Qldd ketvesp mempbys OESb&resn@qt@ sgie0Prheasbanadq | m
20112) %)((;)h%lgt%ﬁt oggd ﬁjfg't eltllleaé/a%[e ﬁﬁ%g %a?&ﬂxl Ieﬁe%é} Ele rlcaycﬁﬁrag&ﬁg@csas

previ ousl escri p ensure a con ent con uc or to ground pl ane
di st@nce than gstandhird tvaapped 1WA tablsedong witlirgpro8&hgast bftetminatid® ddPsigisds a

I til d fil he b d 20310 A k
and cont nBISERE THICEFBEATGT. Bea AN A AMAT i nss0 Qg macHbsdel {
achesi ) ok BLAGELn 00129970 301 0 FRDLE o s 1203002038 A5 the

insulated wire 20106, 201 is pressed to the sur ef or
mat eri al spOB8@MI dhefcondmtmrsmslmil% Ini theilRBE Q6] c201108, denBSZEﬂétﬂ d!@\lth ue a depth

trolled he 15 h f d t Fi
35h. | An AT EBIRIR L Pogesn 0SSR e haye RO e A e O
20329 pl aﬁ@ﬁd@&a@dmfbm&%ﬁrcomﬁ{@r@as 20868 @rh2AZPortione18 hge alher of

| ayers 20308, 20310 includes a shielding material. Alternatlvely, or in
addi t i on 20810304 12 sehstantialdy sureosnd dlre mdueor $ets 2H94! ageshrvgund aZ61i06!r20108

into the fiJm2 ntroII d dept 20ln so odi nts descri bed
above, anig??abg‘%ﬁb%34ﬂ@%?s I%etﬁ%@%ﬁ?ﬂlb/%éﬁﬁa ggmcg%)sa 1GPs 201086,

20108 at atdhes%syitmlfaﬂs 20110, hﬂlDpjmuedcﬁroﬁherTFbﬁeMl@@o%&@Bﬂioﬂsl&fﬂﬁny end

appllcatlo i ncl ude betmeen differential pair lines et ween ground and
si gnal | isheddipgEjmsmmay @9 lgstiv Gly sHeRmpasp A lapd 736@ P’é%tslﬁﬂst §ﬁ) én@n at Il‘?aﬁb%5 Yo0An air
gap, (?011”%9@} % 0/%{ ﬁ\ﬂet%f éﬁ%ﬁ&&&& Sy YR m§ hgiioar benefits
as descri the dP erentia nes i t hi nner constructi on and

| ower di e20ad2 mag beshswahtre (dat clsovhers h@&nﬁ)ﬁs &pdﬂafef racentof ﬁlrnptaose, oftskal ai r
gap 20114 can separate.the wire Vi des Iess in

Ther of or dn AT NHDITEGHF P thegims bt 201 ﬁ%nﬁaal CEHRENAS Eﬂr@%

(provi di ng,JiotiRef dEhicld ¥l BMaRd ‘é%?ﬁ tudidl éﬁﬁ/ﬁn&f@éﬁbﬁb@s th&\ SO, because
of the high fields that €xist between t e differential pair conductors at

t hi s cl osesdudtomrsetsX0184pr oach bet ween them the
25 The cable 20102 may also include additional features, such as one or more drain
wires 20120. The drain wires 20120 may be electrically coupled to shielded films 20110,
20112 continually or at discrete locations along the length of the cable 20102. Generally
the drain wire 20102 provides convenient access at one or both ends of the cable for
electrically terminating (e.g., grounding) the shielding material. The drain wire 20120
30 may also be configured to provide some level of DC coupling between the films 20110,

20112, e.g., where both films 20110, 20112 include shielding material.
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30l ower capacitance in this location contributes to the effective
dielectric constant of the construction. W 2012/ 030367PCT/ US2010/ 060640

In refereanoeormnaiede Fig. 36a, a graph 20400 il | ustrat esPam/sp@bpsicso of
constructions according to an enbodi nent of the invention. In Fig. 36b, a
bl ock diagramincludes geonetric features of a conductor set according to
an exanple of the invention which will be referred to in discussing Fig.
36a. Generally, the graph 20400 illustrates differing 5dielectric constants

obt ai ned for thréi%fe‘ﬁgin&\@% F‘ig@i jsalt, %Qﬁgéectlioﬁ%l\',‘ﬂ\%ﬁﬁé)ﬂ{ug@re% %%ﬁcgls%ltkﬂﬂa&k“ess

20302, and cabl e thickness 20402 (the Tatter may excl ude thickness of
out shi eladblergohsyetior d3aP)emeits, wheameal ths senasdees mnirAey de isertent i al

i duct t 20104, 100 ohms i nped Lid | ef i d f
msul o or P GF aREPRES 201NNy R EE TR By BRe. 0310° 2BBIRST both ana

20_406 ar esirhﬂ&tﬁoh&rdd%nﬁs Shdwit ﬂﬁifqgs.iw@‘k!! R &Ry 8hlyloas Pi&G oY €0 ﬂs%ﬁf&ﬁ_@bl m |
t hi cknesses 20302. Points 20408 and 20410 are résults for 1 ml thic

i nsuf at i ohapad arewnsldbe conslus®r aetel tg®rmipinahhd/Elehearyers 202942 Thpethet 10412 is a

result f 5 ml. thick.,insulation at,a i ickn 2. As
Coon' o thoaty B kbt & budeP i 8¢ Rl BF uf cifie Bbkod, T RERDONZ B watl s, e

ef f ecti veaBliceR8rty dnd 20023 irakigs. I5U-d) higes disiulthé p4p3 20814/ & ¥ sdcbhdidickectricght er
pitch may then tend to 15reduce the dielectric constant because of the high
fields beiwsn frpediglestass 20408y thercfors fhase isgrw explicih pedend Hislastreg mateHal gr eat er

pitch proyy§eshdw et%én Ab{Y iﬁ@%f}éﬁxﬁﬁit%ﬁtﬂe%r&elé ﬁcsfei(ﬁ%.t FYfther, a
dielectri'c constant. For two signal "lines’that can interfere wth ohe
another, drhia varaisgapshosvnan tiedst eltérnyte afreagamieatd, but danrbetadaged treinclapaci ti ve
crosstal k, bet ween t hem Af t he a'lz\r gap is sufficient, a ground wire may not
be needed!HBIESHS disghsrd FISAERCT BefgH ch woul d result in cost savings.

The diel ectrig,lposs3onghdi ! 8MIL hiFarfsRRRhRR02 PSR 2229 e%%%@mﬂ?ry be

reduced by the inctorporation of air gaps between the insul ated conductors.
The gr aphrrodgifuctien eatlost prayioubly deswutibed.i tom hehgdothofilnmese cgapsirédstode t he sane

order (e. .6-1.8 for | yol ef i n. mat eri al a chi ev

convent | sHatedisfydiiet FoRE firiGebBadts ph it e 203 2 PeR2a B re S e i r os.
Foamed prihéhye vdaigdibak 2001 £06R8etédhdatioPsdde2049ad Asih6RRIhERC the@gapst h t he
constructions described herein to provide an even | ower dielectric constant

and | ower20dil¢predergecthhngaps Wddwtwednangralds afthdisets 20104, elthoghghis gabloe
012 g LT o, LRI ARG 8 o B0 500 et o
t he condustarcl@dttQ6pvitspiovecr02du fdi poedatin elNEHHCX021 $ between conductor sets
20104 and or outside of the conductor sets 20104 (¢.g., between a conductor set 20104 and
20 a longitudinal edge of the cable).

The supports 20224 may be fixably attached (e.g., bonded) to films 20110, 20112
and assist in providing structural stiffness and/or adjusting electrical properties of the
cable 20222. The supports 20224 may include any combination of dielectric, insulating,
and/or shielding materials for tuning the mechanical and electrical properties of the cable

25 20222 as desired. The supports 20224 are shown here as circular in cross-section, but be
configured as having alternate cross sectional shapes such as ovular and rectangular. The
supports 20224 may be formed separately and laid up with the conductor sets 104 during
cable construction. In other variations, the supports 20224 may be formed as part of the
films 110, 112 and/or be assembled with the cable 20222 in a liquid form (e.g., hot melt).

30 The cable constructions 20102, 20202, 20212, 20222 described above may include

other features not illustrated. For example, in addition to signal wires, drain wires, and
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3020106 |l eading to variations in the dielectric constant and propagation
del ay which increases skew and i npedance variation. Wth solid insulation
20108 andwprerimsessgaps WO 2012/ 030367PCT/ US2010/ 060640 POTAB2010/06068d f ecti ve
di el ectric constant may be nore readily controlled and, in turn, leading to
consi stency in electrical performance, including inpedance, skew,
attenuation loss, insertion | oss, etc. The cross-sectional views of Figs.
36g-37e may represent various shielded 5el ectrical cables, or portions of

cabl es. Reb&ldWh&, iR Jﬁbﬁ:-m%ﬁﬁcluﬁg bfd dedof a_%l@lhfdinﬁlaig%lﬁt%g lared 1402Gmbas a

singl e conductor set 21404c which has two 1 nsul ated conductors 21406c¢
separ at edefoyrediteheadeband.gSpleRtlcdn be ufeddesianemdit ppiver aadilyetiZxt 4Q2elsmdly be

made to i.ncl ude_..nmul tipl.e conductor sets 21404c space rt, acyoss, .a wdth
ot he cBIESH Rk KPoRal hotrarahEesd nt e et o waRedhf By gk at ec
conduct orgy1214066r ﬁhﬁb@ﬂfs?é&@%uﬂ;%%@hlrﬁs 14110, 20192N8L € LOMARE ENEhed
effectively in a twnaxial configuration. The twin axial cable

conf¥ gur diciweenghe filngs argiey asldriiopel laxesfinmateriadi f f erential pair circuit
arrangement orin a_ single ended circuit..arrangenment. . Two. shi el di ng
f 15 1a08c ot afefoBlsSa 3Bt baY LR SPOCEiBline igns oL o
cabl e 214fhZgicalnohfig@atiénsaavel of @gidesiredledid cigadldntepiighed megiaatal 21418c.
151 n the cover region 21414c of the cabl e 20102c, the shieldi n(g films
21408c i rm@m@ewghfr reseing sehic.2@no vensidezationgy the chpise obgwesand Gdecttg 404c.

n i L . A . . L on.
subst ant 11 Ey e b Y P RS, B o PR b e
2141@c ofditlbaric atalydehadbar of heersdtiie babicn gyhtiel thes c@ibi4OBe sdtmaiclide api nched

portions 409¢ on, each side of the conductor set 21404c.. 20An opti onal
adhesi ve ﬁé%?“*ﬂ?ﬂo@e REy g@@nﬁ F‘%%B%f‘e%l gﬁ AT F PicRiSTIDG AiGRRIS-

Shi el ded &) ehhbEalsccRBh GirgdfF 9814 4 185nd Bl %%néli/gr%%ﬂﬂi%'a 1B%AHAEctric

conductors 21412c simlar to ground conductors 214 at may I ncl ude
ground wicoestatrandrdaw hosai Hes of @ augep 20Hdusayoalso Riv4 Iitleer adeandqers esdclapar t

from and extend in supbstantiall e,sane, direction as, insulated

conauct orlgvsesote VeRlitand BicSard shlicac e giStnar diiatiet BRECSEIMC can
be a1 r angRdefrddiatndud@Yorsistend SRR df¥thd CorduBbANBat form theAsr ddpkgeirated in
the cross section of Fig. 36g, there is a nmaxi mum separation, D, between

t he coveralgngra fcogtd of thpocableof the shielding filns 21408c; there is a mnimum
sepa ot o, "oy SekyRei L I6cH SRS AP RATGPE g TPl S0 1
21408c batyeites pl@meters of interest in maintaining a consistent dielectric constant between
conductors 20106. Generally, the dielectric constant of the conductor set 20104 may be
20 sensitive to the dielectric materials between the closest points of proximity between the
conductors of the set 20104, as represented here by dimension 20300. Therefore, a
consistent dielectric constant may be maintained by maintaining a consistent thicknesses
20302 of the dielectric 20108 and consistent size of gap 20114 (which may be an air gap
or filled with another dielectric material such as dielectric 20116 shown in Fig. 35a).
25 It may be desirable to tightly control geometry of coatings of both the conductor
20106 and the conductive film 20110, 20112 in order to ensure consistent electrical
properties along the length of the cable. For the wire coating, this may involve coating the
conductor 20106 (e.g., solid wire) precisely with uniform thickness of insulator/dielectric
material 20108 and ensuring the conductor 20106 is well-centered within the coating

30 20108. The thickness of the coating 20108 can be increased or decreased depending on the

particular properties desired for the cable. In some situations, a conductor with no coating
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30i nsul at ed conductors 21406c. WO 2012/ 030367PCT/ US2010/ 060640 In
Fi g. 36g, adhesive |ayer 21410c is shown di sposed between the pinched

porti ons R04202m30d67t he shielding filns 21408c in the pi rcChas2009s@ne 21418c
of the cable 20102c and di sposed between the cover portions 21407c of the
shielding filns 21408c and the insul ated conductors 21406c in the cover
regi on 21414c of the cable 21402c. In this 5arrangenent, the adhesive |ayer
21410c bonds the pi nched portions 21409c of the shielding filns 21408c

toget her rhe%r bif ¢ 'uﬁﬁlhg%g @é‘%e%%f&éﬁ %Lstaﬁe?a%?eli"t&n%%%ﬁ%nd %&qn@tlryso bonds

t he cover s 21 shi el |ng fil'nms 21408c t e 1 nsul ated
conductom@nﬁQmﬂﬁnﬁwmomh@ppbvﬁmn$H@uﬁﬂyQ&ﬂmaﬁIﬂ@nﬁhBMUQMMBMQlﬂﬁmnumsﬁmeIded
cabl e 21402d of Fig. 36h i imlar abl e .2 2C th

Coot m L arngrmabeRiaR it diebye i e Marufetetiialfataoabbt far i
cabl e 2148PdotdRd aPiheANActAS DRSNS nhANSA 281701 0011 5bdMRt tHah BaRNirbet ween the
cover portions 21407c of the shielding filnms 21408c and the insul ated

conduct orRegaid@scthi manidns conhwd imendyyilesaririabore ofaytakse inelipdea canstro¢fion
arrangemsntthnons @g §1%%>Iayer 21410d bonds the pinched portions 21409c of
the shi el'di ng° fP s 214086 together in the pinched regions 21418c of the

cabl e, 15but dn%sméleémbcmmsrhey B@ﬁﬁmcwb&tb@66er2ﬁél&iﬁu@tbrstﬂms lnkiagdi ng fil s
21408c to the insul ated conductors 1406¢c in the cover glon 21414c of the

cabl e 214bgrent process/machingiyifaheigdite agpegbleghg cabje ééér@SH r&rgpgtfighsver se
eopect o PoRRer R beRlbR R EOERGE 2% 4600 ofo OLNAE BT LBlerl D, T00%

i nclwdes pigiohgleximandetstcon tiwaticl2dd0420 H8amakhds of pom2t; cusatattednaonduct or s
21406e se arated b dlele rjc 4e extendin | o | engt h of the
cabl e 21403BRAIRGEQNSHALEHS Cﬁwog%g%%eep%dlﬂ%%t ?qf%rl@p ReRior ot s

21404e spg %qtu%%@&{ sﬁﬁmr% ﬂrﬁ&}'@s{)h&?&ip&%tﬁllmlg%t&n%‘}llﬁ staitl ®421402e and

extendlng long a I'ength o the ca 1402e nsul at ed conductors 21406e
are ar r arigegecafthe ceriduetoys 20106 (¢.gi, pitdd. Fae cowatttreyanf tangepeapsndwindrosby

i nsul ate uct ors 21406 t Wi .St each 25ot extend .al ong a
gt b o HE et SiheseameAen 0SB EEurRd e e e e gl e
21402f i sydpgy &)‘h@@tefn%a&f dile@tis %@M&A 2030211 INBEL T (B ERREAGnkLifyF shi el ded
el ectrical cable 21402c of Fig Cabl e 21402f includes a single

conduct orcogegctori4dAé withat dlnl@gtriCcZ&ﬂ 8$)n dilgvaaver beevde dickaeyicxffgsfarext endi ng
o o0 LI, b U GERUS FAATRL A SRR ORI BIR I
conduct orbes@holdAfl4dassiac &e arca of closest proximity of adjacent diclectrics 20108, then
consistent results may be obtained during final assembly by focusing on controlling the
20 gap size 20114.
The signal integrity (e.g., impedance and skew) of the construction may not only
depend on the precision/consistency of placing the signal conductors 20106 relative to
cach other, but also in precision of placing the conductors 106 relative to a ground plane.
As shown in Fig. 351, films 20110 and 20112 include respective shielding and dielectric
25 layers 20308, 20310. The shielding layer 20308 may act as a ground plane in this case,
and so tight control of dimension 20312 along the length of the cable may be
advantageous. In this example, dimension 20312 is shown being the same relative to both
the top and bottom films 20110, 20112, although it is possible for these distances to be
asymmetric in some arrangements (e.g., use of different dielectric 20310
30 thicknesses/constants of films 20110, 20112, or one of the films 20110, 20112 does not
have the dielectric layer 20310).
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apart from each other across a width of the cable 21402f and extending
along a length of WO 2012/ 030367PCT/ US2010/ 060640 t he cabl e 21402f.

| nsul at eawoentustssrs 1406f are arranged effectively in &Cyasdo10abica0
arrangenent, whereby insul ated conductors 21406f nay or nmay not tw st
around each other as insulated conductors 1406f extend al ong a | ength of
the cabl e 21402f. Further enbodi nents of shielded electrical cables may
include a plurality of 5spaced apart conductor sets 21404, 21404e, or

21404f, or corgyj ll 1ﬁlﬁ%ﬁpjcturﬁﬁ raac'agf%%sgﬂ(w?ﬁﬁlﬂ*l u%ﬂgnga l?entgltf'ghﬂ ane.

Optionally, the shie | ectrical” cables may I nc uralty of
ground caodrol @stsn@143 22 @qmald&@qmpaltent dqndmtoamcgretmdmidiargs‘rgmm) whénythen t he

same directiaon,as,, the condu of the.condu I n sonme
canti gur dsufa Eiaut0F AIE A B L AR BRSNSl 28, e

gener al | fefeRer@de 8HRIH Flﬁ%' ELh, Ho&k: dul@%ﬂﬁ 11'ldstrb!t%ta'hfé§<§1§1 RHI%&IIngEneModi ment
of such a shielded electrical cab F@ferrlng to Fig. 37c, shielded

el ecl ri calondudsdreo 200mdplangalisiafwss alapilba rr@ﬁuiltm}ne@ﬂulglp&m@mufa@aretaccmdmpor sets
21404, 21404 Fran ener.al | n sets 2140 i nclude a
Cimote ¢ HGTShlRARAR herBPS R, Yo bl SeRf s ERP TS by EY e RN [

conduct o l’deS@hath-é@ﬁlm 201 1) Gedudeb e@hfelcﬁﬂg lag&ld0808 24D dig1dctiid 1agdr 2080 wdes
optional ground 15conductors 21412 di sposed between conductor sets 21404,
21404g ardcHpushndescEbfes or edges of shielded el ectrical cable 21402g.

First and Secgl"zlgheiﬁgﬁu&jé Dodststam® 8&%9%[2&{ groﬂhé?ﬁﬁ@ﬁm&ﬂcé’&%’%&tﬁné@ des of

the cable 214 are arranged so t ransver se Cross section, the
cable@ 21429342 smlml(ﬂ"® 36hbvthe ﬁﬂrﬁglOdeus%idzmmng}erpadamldeﬁimrasgh@hese2&@28 In the

[ bI 20 t 21417 of the. f t d
Second sHGreRRgSne A3l Eva wiPbPUal Baenad e osmaSamaain  al |y
surt ound ARSH(EONANGHAL lesRLAMplacldRiifle 1K1 AABARRONI B 368 J0a10 ¢ he

first and sec shield |ng 1408 formt plnc ed regions 21428 on
two si desAvothe emohntaiomue 206, 3810828 #M4spd iltoghs Isur&iceu thg défiokmebl2 ib@Siabr e

di d d d 2. A 25 21410
L Er e o A Sl YR B R 2P0 2810 s R GV B R SR SSRGS YT oms
21419 of thfaﬁne%@bﬁhéibﬁﬂaﬁlé Iaerid A6 0t & Raeh BEheIh. iAm dkbgpRi JTghaeidlegi ons
21428 on both sides of each conductor set 21 04, 21404c Shi el ded

el ect ri ca0326,10810.20398 maydnaledesa botauetb20320ipbiecd bn o pakicater bagsing 20308
R T R e A
ar r angemneAlternatively, or in addltlon to this, tool features can press the insulated wire 20106, 20108

into the film 20112 at a controlled depth.

20 In some embodiments described above, an air gap 20114 exists between the
insulated conductors 20106, 20108 at the mid-plane of the conductors. This may be useful
in many end applications, include between differential pair lines, between ground and
signal lines (GS) and/or between victim and aggressor signal lines. An air gap 20114
between ground and signal conductors may exhibit similar benefits as described for the

25 differential lines, e.g., thinner construction and lower dielectric constant. For two wires of
a differential pair, the air gap 20114 can separate the wires, which provides less coupling
and therefore a thinner construction than if the gap were not present (providing more
flexibility, lower cost, and less crosstalk). Also, because of the high fields that exist
between the differential pair conductors at this closest line of approach between them, the

30 lower capacitance in this location contributes to the effective dielectric constant of the

construction.

95



WO 2012/ 030367PCT/ US2010/ 060640 One, two, or nore of the shielded
electrical cables may be termnated to a term nation conponent such as a
printed cwocoizo3bisard, paddl e card, or the |ike. BecauseCrhms2imscicat ed
conductors and ground conductors can be arranged generally in a single

pl ane, the disclosed shielded electrical cables are well suited for
mass-stripping, i.e., the 5sinultaneous stripping of the shielding filns
and insulation fromthe insul ated conductors, and mass-term nation, i.e.,

the simul t aneqyscARLEL AR tdBi0864, Q%n rZOQ@?QILFsﬂ%S Oh abddfxid leédnwons

conductors and ground conductors, ows a nore automated cable
assenbl y gradaggo ai Ien@odlsnmnoﬁﬂiv amtea‘gm o Eg. I6basblosh dmgoafm idvdudds scl osed

hi el ded el | The st d ends of t ed d
a1 ound. cORBUEL ST S o1 16D b Y ARICEOUDE B rAREa ft EOH B0 LONGUGt | ve

paths or B%trgf%he@lt&ﬁiediﬁc%sﬁﬂl% FlngGEDt@gle@élrycﬁiet AP 400Ti QEstRa M ®ingl N Ot her
cases, the stripped ends of insul ated conduct ors and ground conductors may

be t®rmi releeirie oowa}ltmhtmaod toridrdkironteable p(t‘f@hﬂﬁ%% erlseh@m/shedﬁctr@@nogm:&sabl e
term nati Vi as el ect,r.i,cal ctrlcal
ﬁgp A Id C&ble glggkofé%ﬂ)éﬁngthe latter whi h may ﬁxo u(g A 1ckn%s§ Sog 016‘[f dlng ded

connect or xenmplary pr o

el ectricah @abi;wwﬂihmi’aly@s Ssitd E@AWG@ﬂfﬁreﬂM@dlr@bn&icﬂﬁrseﬁmm il on
conponent 21514 is shown. This term nation process can

nass-t er rﬁhﬁwlmﬁ Hicecadsohdgolyalefingeed forensylaggrililectye Zﬂmﬁ %@1 di¢lpgtiist r at ed
Mass - |
In Figs. ?ﬁﬁ%} 3 @g@?m\ﬂ%h 2'0 &6 5&&8&1% B d&i if R InsuRd tﬂeg}egﬁgé ng

(|IIustrat orm ng shi el ectrica 1502,
whi th maySd andgineil ﬂhcltmlms 200X drainte 20408yarelf 204he aroa’edn&s fethbwsil thiell/ or

descri bed herein, the arran nt. of condu 20set 504, (with
di el ectr |1ESL§%1}5’H2‘115%?CUVF RS cBanit Biicrer §63é‘125é’@mt&§a'2%wwﬁﬂl Rdct or s
21512 of shinghideduali&chtd £2hilGRkkEs<3fR My be matched to the arrangenent

of contact elenents 1516 on prlnteé circuit board 21514, which would
elimnate anyxtsgmnﬁn&@miqﬂd%ﬂpmnhmm@nnoﬂamhonemdiwoekmdms)bﬁwsﬁmelded

el ectrical 1502 d aIJ ment. or rnlna 251 n_the step

| Tost r SRumEre BB ot IR is SonoBi s bl Bl Ry e ferh$Rog | 6
renpyed. rBiyccihd alateb@wm%mm Hé@éhs@@f theelgh BHENb@Feerfthd wirddEE@NI cal
stripping or |aser stripping. This step exposes an end portion of insulated

conduct orissupatBmas dnek, @my@mfd, ibosthatar pitsh proyides niage aif erausd dlest wirpssansl- st ri ppi ng

of end qu\Evler%r%h ]T?ecgve 8161 prl elogllstra]lgt i’l l mso szlé'nSa(i)%n Osrsllntl)tleff%becglugnee they
forman in egra connec ayer sep ara e 1rom nsul ati on

of i nsul ainethet, Qhkdaiﬁ L&y S ad bﬁe&wd}emw fog hﬁllitn@ tde ogpakitivi®raddtalkSodiwesn
i nsul at ed conductors 21506 al l ows protection against electrical shorting at
t hese | odhgmolhgh ea%gam i suificioph pRrOEERETPETY DSPRRLBICIsbBAY P Hgna diges,

|nd%§endqm5c éﬁ lp%(%goﬁﬁéggsed end portions of insulated conductors

1506 and ground con duct or In the step illustrated in Fig. 38b, an
end portion 2IBRGhHclodtrit ks hnd dickicirarconftantrssen at gaplcdiddahor s 2db4 biys

removed. AoV, SULLaRLe MRUOd. Y. 06 Userh BYEN A% SilloaplTOU ankS e
gg(r:l,duct OrthOfeduBfdH fileqd R IMHLODS kAl ordd? (£.0€ 1% ER bl Jotvd1Em fdtcdkiRIsKT O
as can be achieved a conventional construction that uses a foamed insulation around the
25 wires. Foamed primary insulation 20108 can also be used in conjunction with the
constructions described herein to provide an even lower dielectric constant and lower
dielectric loss. Also, the backing dielectric 20310 can be partially or fully foamed.
A potential benefit of using the engineered air gap 20114 instead of foaming is that
foaming can be inconsistent along the conductor 20106 or between different conductors
30 20106 leading to variations in the dielectric constant and propagation delay which

increases skew and impedance variation. With solid insulation 20108 and precise gaps
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shi el ded el ectrical cable 21502 is aligned with printed circuit board 21514
such that the end portions of the conductors of insulated conductors 21506
and t he ewo2pora3dmns of ground conductors 21512 of shi elpdeaisediensooueal

cabl e 21502 are aligned with contact elenents 21516 on printed circuit
board 21514. In the step illustrated in Fig 38d, the end 10portions of the
conductors of insulated conductors 21506 and the end portions of ground
conductors 21512 of shielded electrical cable 21502 are terminated to

cont act  eloqfRhS RIS dRdbid HrSnhnt? UE ndBORMILISHbIICFLATR fiinof sui table
term nation methods that may be used ncl ude soldering, wel'ding,” crinping,
mechani cdbadm@nmmongsteamma\]/pﬁformmch mgr,luding maprelageef gww, ABtmiakdys.

39a- 39c a}r{e Cr 0Ss iectl onal views of three exenplary shielded electrical
cabl es, WAYcHSFIPHPaH % exanpl es of the placenent of ground conductors in

the shi el ded ei‘l%%édscs@&tlcﬁﬁp{n@@s of\Ri ?53@0376%3@1‘ phiseltdato®) @dediadqcal cable is

proper grounding of the shield, such groundi ng can be acconplished in a
nunber ofelwawl cabiess onportiaress, cablegr Refergpaodis. cosdivelded degiriedlseblei cal | y

f h h th h
oround condbBE i gkl SR APabish B ST bR cORURETE e 0 0"

conduct OI’seﬁﬁyted%?@ldQ&tlﬁ@qu{ 20ad 4¢ olfaisieed, eHeaableV¥1402¢ mkl B hialde @l incluidt act
bet ween the shieldin m and t he ground conduct or biéfbe char acterl zed by
a relati vay 9131emndjot@re@tSs&léﬂ@espa@edgpaﬂ 1reys aveidihsefihe ealths 214936 apthan 10 ohns,

or less th g-ﬁ S%B 2 Rhedf f?ﬁébc%?e”tlﬁlﬁitg%g’on%%rsi 0§9ﬁl%eaf%ﬁ§éd %eﬁistgﬂl en

ground con electrica cont act t but
mayl®e arin |ar$d1g\lra elaad aIRi| dfmntzely I a hana;ab]l @nfigmationcThotwih hatal cable

i ndependent |y term to i ndi vi.duyal . contact el enent of any
suitabl e CP@%%“H‘&‘PI? ﬁ’@ ‘ggfe cregtig pair eyl difeRgRENb et | r ot her

cont act esﬁr?‘@&&deﬁ%n@m?ﬁﬂréﬁg%ﬂleﬁirCU't board, paddle board or ot her devi ce.
Such a gro conductor may al so be referred to as a ground wire". Fig.

39a illustr at e"léwcashlebdmgdllmsﬂléﬂﬂcedrdddpededcinerpa$lte(Bai:ds®f 8@nducteniseth gr ound
conduct or (o) ext rnaI to the s | di n 9b and
39¢ 1110 Ehetblialas iRy e e Sragonahi e shoeebiEoara® SR oned
bet yeen tlhehmvépﬂe%rdhma@w@%y%aﬁé@bﬂﬁ@%@ shididehifimes $1408® inchiad coRy be

included in the conductor set. One or nore ground conductors may be pl aced
in any smortarmellﬂ%i thpiggevexthe eaaductas sctr?el49m elndrangvrid crmss ssettced® t he

shi el di ng, fi.l s Zlﬂﬂ’gonb' nat.i on of b Ref errldnl%CCOn hl%t %Sg% 0@1604a

shi el ded B2t TR 1 oY6 a“"nnc‘r‘bscf‘é%la%y si'hgr'e

t hat ext dndis sihetid raglbﬁswtéflS@f)fthb%a’@l@bﬂ&ﬂ%lﬁ&%alel(ﬁﬂ@ﬁﬁﬁi pr408etinckikk04a has
two insul ated conductors 21606, i.e., one pair of insulated conductors,
separ at edBghedpertions 21409509 crqlsgde O@BICQHCETMZQWW $e nade to have

g}" E(?]g' gagfgda&ﬂ%%t;(gﬁ%fﬂ%dh%&@@fﬁ%e?f’ﬁﬁ%@ ARV didpoS ARG PG hindFi,AsS @ Wi dth
21408c. Shielded electrlcal cable 214020 further includes optional ground conductors
21412c¢ similar to ground conductors 21412 that may include ground wires or drain wires.
Ground conductors 21412c¢ are spaced apart from, and extend in substantially the same
direction as, insulated conductors 21406¢. Conductor set 21404¢ and ground conductors
25 21412c¢ can be arranged so that they lie generally in a plane.
As illustrated in the cross section of Fig. 36g, there is a maximum separation, D,
between the cover portions 21407¢ of the shielding films 21408c¢; there is a minimum
separation, d1, between the pinched portions 21409¢ of the shielding films 21408¢; and

there is a minimum separation, d2, between the shielding films 21408¢ between the

30 insulated conductors 21406c.
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a length of the cable. Two shielding filnms 21608a di sposed on opposite
sides of the cable 10i ncl ude cover portions 21607a. In transverse cross
section, wheoraseds7porti ons 21607a, in conbination, subgCaniseablogoesurround
conductor set 21604a. An optional adhesive |ayer 21610a is di sposed between
pi nched portions 21609a of the shielding filnms 21608a, and bonds shi el di ng
films 21608a to each other on both sides of conductor set 21604a. |nsul ated
conductors 21606 are arranged generally in a single plane and effectively

in a 15tw naxiglg %geacﬂ‘@ﬂ? Zélail'ﬂﬂ tNBbwh A ?cd%?\geénr{hélﬁe'cﬂ&i ﬁ)rﬁ&%ed

circuit arrangene rentla pair circuit arrange
shi el ded HH82¢ of tbabhlclalmgilﬁﬂsmﬂﬂw mrthhpincherdaieg@eszmwlc wif &1& ctableﬂlnglc)u nd

conductors ,21612 positi oped external | di ng .fil 8a ound
conduct orddSigrrdiRth i tod brtomn Ak B S R e g Mroc or ser
21604a. GRiulaBatdnductoRe2 1406t f tAd oA réd16h DAASIcRT Bicq@bicvA4D24. "B tRi4 620
surroundi ng the 20shielding filnms 21608a and ground conductors 21612.

Protect i werahiément 2he 2dhasivellute 2 icdoads ihe @incagéporpioae2 1409 ohtheadhesi ve

| ayer 216 n ve. | 1621.t0 £l 3l608a and
o sund coRFuERBALSs RlBk SEneF il B SlnefiP B aT S A e b TRRE YT, i
conduct ora&soZﬂcﬁazthmysv&q)o%mfsmmdwome glifcldiHeefnB 2N d08d to\tee Hlileled, such as,

e.g., a conductive braid, and an_outer |nsulat|veb4acket (not shown).
25Ref er r iG0gdecorE2g40aegp thecayrr epinad 14l dekrthe sable A2¢21602b i ncl udes a

si ngl e CO”d“Ct%%g%‘b aﬁ) 6PH924 3pFi Lﬁeé{sﬁﬁdsﬁnﬂé 98%a8le 'zgi%gbf‘%flg %%Q'&tﬁwwb

Conduct or set as two I ns conduct or s one pair of

i nsuo at edimﬂmchmhﬁrts;deﬁﬁﬁmﬂ@t @nhilbyrefirehceatunictalgapcéept G230 in Givhd 214D26 62D may

be made to have It| C &ﬁctor sets_ 21604b spaced apart fro ach ot her
Reiah o

across a%l@flﬂaé e Yre! 1 "ok PSRRI RETWECH HY GONEr PUHRRYA 4P 780t he cabl e.
Two shi el s‘ﬂieﬁ'(ﬂn% il 182 24080 8R4 a{eqngﬂap@éﬁﬁm%rmmé Iths L8&S rQioh PRGRREE

21602b and i nclTude cover portions 21607/b. In transverse cross section, the
cover porthé¢ cabde. WD tRB 2Rh OZ0BEIT,RET A2 E (Dd}@GQM(DdZmﬁGs?th,e pinchedpdyitioas i on,

bst ant t 2160 pt
?iaio?”. e Sbh SRR T hacOsufer 518 phRuSRbEpt AABRBEIN AR T s
21608b anght B@ésdfot bb&d SRicBY & pdetidnis B0 LEREShiAHRS 1NN 2008t S itstemsihtel he
conductor set. Insulated conductors 21606 are arranged generally in a

singl e plcanéucmra 1406ccivtthey edvgr ragicn Brlpeakihalcalle 2440%der ent i al pair cabl e

arrangenent . 3@ | ded eIe%tr%ggl cabl 1602b further includes plurality

of ground condutc %lrngnﬁ_“fé? osPt‘iv%%eee&Eggtawreag%V% i 6 &Secm%na Vlewo%é‘%b Two

of the grsaisidbdadntiwl edtse 214922 sﬁm@rlmﬂﬁiausﬂe@peas mﬁelsmbl@ed skttriddladsle, and
two of the ground conductors 21612 are space apart from conductor set
21604b. RABEG oifget Pergble3dd02einglypey ayupg @lc%%qcr%é?t Hd4Btethetlrydwoi nel udes

a SH@Ql € jnsulated conductors 21406e separated by dielectric gap 20114e extending along a length
of the cable 21402e. Cable 21402e may be made to have multiple conductor sets 21404e
spaced apart from each other across a width of the cable 21402e and extending along a
length of the cable 21402e. Insulated conductors 21406e are arranged effectively in a
twisted pair cable arrangement, whereby insulated conductors 21406e twist around each
25 other and extend along a length of the cable 21402e.

In Fig. 37b another shielded electrical cable 21402f is depicted that is also similar
in many respects to the shielded electrical cable 21402¢ of Fig. 36g. Cable 21402f
includes a single conductor set 21404f that has four insulated conductors 21406f extending
along a length of the cable 21402f, with opposing conductors being separated by gap

30 20114f. The cable 21402f may be made to have multiple conductor sets 21404f spaced
apart from each other across a width of the cable 21402f and extending along a length of
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10conduct or set 21604c that extends along a |l ength of cable 21602c.
Conduct or set 21604c has two insul ated conductors 21606, i.e., one pair of
i nsul at edwoantustdrs, separated by dielectric gap 21630PCCaisk@0@d@IRC nay
be made to have nultiple conductor sets 21604c spaced apart from each ot her
across a wdth of the cable and extending along the length of the cable.
Two shielding filns 21608c are di sposed on opposite sides of the cable
21602c¢ 15and include cover portions 21607c. In transverse cross section,

the covery,pemid 22 1R Ged b&la%‘ﬂ%@é DRYF A arSHESH éﬁbtch%l Yo SYLiLYmEL t he

conductor set 21604c. An optional adhesive |aye 21610 |s di sposed bet ween
pi nched mmrangﬂn@ltzwﬁfﬁ@lmy whulated comduetats Atd K6l Inmy 02h&@8rot twigt rombkeashi el di ng

films 21608c to e er o h sides of ¢ O4c. Insul ated
Conduct o 16 G Sresigsd ek e 1e Ry e G BAEAE ef f et vl y
ina 20t“‘naXHﬁﬁﬂ@%mﬁb&ﬁ@kﬁ@bf@hdﬁ@&Eb@@@&&m@k&ﬁﬂ@ﬁﬂ&ﬂ&eaﬁﬁﬁﬁ% gl

el ectrical cable 21602c further includes a plurality of ground conductors

21612 p0§|p@¢€drﬁ@dﬁ lsenduston sethi2& 404, %464% o2 P46 9 combmamn&th@regﬁ euaried

conductors 21 ar. el Ql (S8 of the
o culnaty fi SRttt hiofehy B Fidel feo Rl IR MRy inbRe ot

gener al | ypliraligy sfigh@lind dohaingors 29412 ﬁjaged GRet, fr@h, a&ﬁé%ﬁ&]ndi’n‘g g&htt@llﬁﬁﬂthe

el ectri cal cable 20902 is shown in transverse cross section that includes

two i nsulsapedlitesirnas: tednsulpted eondnetersa thegondogonsety. Ha sprgicondgigptigns,

and - separy SERENS; RPABLAEEELLRNGYTS R3O0 oL BTN Bl M BESIE P o
d|spbsedEﬁh1bmme&swﬁesmﬂpmqoﬁnmhmnaabﬁeuaﬂﬁﬂﬁdaﬂﬂdbancnmbbhat|on

20010 1's di spdlHHBEtOERn oSkl lseitianetbosta2 8 S sRfray oS 1 | e,
20157 028387%# U%g%%#gdgg%%h%@nggﬁ%r 5@%@%%8%%51@ %I%fénbclﬁggﬁfséﬁ ong 918

of the cai4edg imhxdbats&@lmmﬂwlatcdaomd@ﬁ@ lmamdye)tbﬂrmgzecfogmdemmﬂwy tn a

Pt ot o1conauRa AT, st deefi gl PR PlorR oo SaR R oy e i

ar r gngemedhd@itors 2181 5Hi88Hs6d BOKIREN Bddebiok @b R AIEIC MBS U4 230 i1aBbsth REcE bt M5 20908
may include a conductive 5l ayer 908a and a non- conducti ve pol ynmeric | ayer

20908b, mdgemgf shivddadddectinal edneldt402ge | ayer 908a wit hout the non-conductive

polymeric |ay 0908h. e fdqu he jeonductive | 08a.pf each
shiel ding fil enPfulrSg 'S %eﬁn%n4 %&?%gﬁ@u Izg%oe%ar(e:ghs oorn 50p§8§%léeﬁ 09%16 Gl

al t er nat iMa0pgratiroantsged@dehal inhahbveede drbs sséﬂcﬁal dierbgbtélzllmgrmyluhes/e a
reversed orientation. 10The cover portion 20907 of at |east one o

shi el di ngorsl iegiopndbiR4i and ninrdsd sitei?® lidhe roves rames21dpd el fé@ﬁéableh
subsg ant 'c%%rypog@@@?_mp wetfﬂst%%r ?&)ﬂa@ﬂfemno%ﬁﬁ&scﬂ%ﬂ% {%Elfsev&gggg)gf the

conduct or set e transition reqi of the ca
transiti @Bctpﬂrmbsmntiw]s&ﬂrroﬁnd éEeh&bn«hiotbrrsgt 714045212099 8P mckee dygiriiees2 14he

concent11 ¢, OEL| one, 20914, 0d, Ve ied nor L ans 20909, oyt e Sl o
conductoQﬁ§§&1&9@QADr§Q§ng%h such portion includes
The shielding films 21408 are disposed around ground conductors 21412. An
25 optional adhesive layer 21410 is disposed between shielding films 21408 and bonds the
pinched portions 21419 of the shielding films 21408 to each other in the pinched regions
21428 on both sides of each conductor set 21404, 21404c. Shielded electrical cable
21402¢g includes a combination of coaxial cable arrangements (conductor sets 21404g) and
a twinaxial cable arrangement (conductor set 21404) and may therefore be referred to as a

30 hybrid cable arrangement.
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a cross-sectional transition area 20934a. The sum of cross-sectional
transition areas 934a is preferably substantially the sane along the |length
of conducwonre1223886. For exanple, the sum of cross-sect ipomalS2@nmam4®0934a
may vary |ess than 50% over a length of 1 m In addition, the two
cross-sectional transition areas 20934a may be substantially 20t he sane
and/ or substantially identical. This configuration of transition regions
contributes to a characteristic inpedance for each conductor 20906

(singl e-ended)oandyd dlinldiebPiheisfeld ARELANGFciAm RO ch fifich wh N n 2
desired range, such as, e.g., wthin 5-10% of a tdrget I npedance val ue over
a gi ven |temgntjonsapoipoasnt seclyas a frimed tincuaidetiatd, paddle kard, cothé liger Bedaose of t he

transitiop regions mnimze skew of the .two conductors .20906, 25al ong at
east & gB IRGRRdRopRG P P T CShdullopy i trrEgaf € BN AT AaTaH of dea.
pl anar cqidcOiHcatidcRiRed SAEIAPEIcthiRalAbRE dhcnGelf it¥8 fBYaRBHSIMAGLkzabl e in
transverse cross section by a radius of curvature that changes across a

wi dth of sitheltangbrestapoog of theshietdugriibms andi insplgioncfany ghaunsuleed eoalustoirsl di ng
film 20908 .may _occur . for exanpl at the .pinch r.tiagn 209 of the

cabl e 20908 T iEeign he e NP FrepGhuse HEH LG N BBt 5008607 of ¢ ne
mul ti - congsigited carmit@rsaid f#OHWconbhdtsts) @bl allowkh Gnord BgtomAtedtdaBise

positions, the filmnmay be substanti al I% flat and the radi us WO

2012/ 03036ty PEEOS0/ ap adyangageod rpfeast agic o€ thedisalesqd sRirldgdi nf i nite.

The m ni - adli of r . j I j 4l 9 cur, for
Exapl o RS R0 TR RaOr ATy ST LA Jd AR SRR | |
soni) enbddt esanipde, behantimdedi® @htacticonductive @fhstdretishickehtthtsgnfd printatr oss t he
wi dt h of the. gable is at | east about 50 rri,crarreéﬁe]ré, i.e,., the radius of
cur vat ur €586 88T 33raPlS: Traghet (e ivatrned CRdTOSBsHated eorgugios ad any
poi nt al j : t: In sone
enbodi nmen gu&(%‘r%)rn \&gﬂéﬂglng%yn%&??ﬁ%?etg ﬁ%?%{ ncl 1318 éﬁgvﬁggﬁ@?ﬁt&)ﬂ&glgﬁg Pgﬁr}y t he
radi us ofsutgable &rommation deviee,tsneinas, tigorlgeoTdal omtats ofve cddvitredadi corgpettiot.m i s
simlarly at |east oyt ., 50 mcroneters..[0001] In. an. unfolded, planar
cont 1 our at Lo IaM PR B PR TR e e B e “had o
trapsi ti onspeed 4 pRnted Sir&leBed 6F bthedeBniRNtich EedASntof15¢ 4 i/dbWhe Tofs t he

concentric portion, Rl, and/or a radius of curvature of the transition
portion rterminatRheyecysscamis emgssateamingiions piogese @nd inclidgs tlRgeeps of strippingabl e

20902. I n..ex lary. enpodighent.s.. R./fr1 i.S,in-.a e.of 2 to I ig.
360 anot NUFRERBHDN KieS "B PR BB el bR 58155 SratudiBiat Mt
15i ncl udds Fag. c8ad uwher f&eiindavdldgl dlv@ricd shblaRes)s andiiciey f 2hebtakepar at ed

by dielectricl/air . .
the form of any of the cables shown and/or described herein, the arrangement of conductor

20 sets 21504, 21504a (with dielectric gap 21520), insulated conductors 21506, and ground

conductors 21512 of shielded electrical cable 21502 may be matched to the arrangement
of contact elements 1516 on printed circuit board 21514, which would eliminate any
significant manipulation of the end portions of shielded electrical cable 21502 during
alignment or termination.

25 In the step illustrated in Fig. 38a, an end portion 21508a of shielding films 21508
is removed. Any suitable method may be used, such as, e.g., mechanical stripping or laser
stripping. This step exposes an end portion of insulated conductors 21506 and ground
conductors 21512. In one aspect, mass-stripping of end portion 21508a of shielding films
21508 is possible because they form an integrally connected layer that is separate from the

30 insulation of insulated conductors 21506. Removing shielding films 21508 from insulated

conductors 21506 allows protection against electrical shorting at these locations and also
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gap 1014. In this enbodinment, the shielding filnms 21008 have an asynmetric
configuration, which changes the position of the transition portions

rel ati ve wo 2a12m037symet ri ¢ enbodi nent. In Fig 36d, shiperdsdoieloewto i cal
cabl e 21002 has pinched portions 21009 of shielding filnms 21008 that lie in
a plane that is slightly offset fromthe plane of 20symmetry of the

i nsul at ed conductors 21006. As a result, the transition regions 21036 have
a somewhat offset position and configuration relative to other depicted
enbodi ne : ' : L [ 36 are
posi 1 onda S barEhdn n ELRhl A Plosd P MR ORI H AN A AL oa?

i nsul at edind @nalucitoondu@dB6512%. Iy thavitepilluesped in Fig. 38by en tid portiph 2hB0Gasifneen

th duct 1006) , that th fi ti f.t it 5 i
AN T T LR R TR AR
21002, thgeshuel sed gel@ehhniea!stfipilLorddLRP &rigaﬁquh%%ﬂ c!é%bb?éi ahQngtill

p n Fig. e,

provi de acceptable electrical properties. ' addi ti onal
exenpl ar yostwredidhbel cernduetor ptmisulgted|cendugtars 2 1506s tIn sheetiep itustsated inglige¥Bear e

used to fur r.explain.h .pinched .porti.on .of .t.he i onfigured to
Soet ect r 1M EXRAT IR BN RR RLe R R GRE N b B e o

The condugti@ortioeb offeé dogdet&@s bf ingalated dosdlcadre d1506mdahc ag per€ibis eonduct or
set (e.g., to mnimze crosstal k between WO 2012/ 030367PCT/ US2010/ 060640

adj acent €oHurONdrctesid F1ppf shidfd Hectagal erbla 212041 ghigrady Vi cariect shi el ded
el ectri Caééeengéhg_s} ?141%:0%§1ﬁnfée;ab{ltcﬂgn®8é% Alsgg! fnotgﬁgiaﬁfiﬂ&stﬁa?eﬁ'if'i“;i%%;gagrﬁfeae% from

t he shi el ectric mnimze ctronagneti c erence
f r ohd ext grondadbnsod tircceailuctdbms df dishlacaiseadudttre 20506 aetthpend pomionmyf grochdide

[ hani cgl _st { to. i lectrical isolation.
5Exaip) e SOmEI08 15 LS S-S 1 St AT REOTREGRETOTEN ect 1 ¢
constant J18§66h plinRANEERHELE 29510! Kt L drTicaifIl R AORAAIR ek il make

di rect or |ndirgct electrlcaﬁzcontact | east one of the shielding
films, extcandéhclidstsaldcenhetobey aumosmcchandacianpisgtand aphgssictyal br eaks
bet ween qgégcent conductor sets, intermttent contact of the shielding
film to NeoPHEMH ¥t 1y either |ongitudinally, transversely, or both,

andjsOconduct iy g @adBessyEare lcfosh a0l V@MW s & tBrec 3REMPABMShiclH&H AEQF&ISECt i on,
a shielded electrical cable 21102 that includes two conductor sets 21104a,

2104b spaeblgs.apieh ilhsras sxamplics ohthe folachmertat iccound rordunters éx thenbickigd
| ongi t udi pal | y.al,9ng | engt b _of . abl e ch conduct or,. set...21104a,
521040 natipish! PUREP PR o adhisl LA siER1G B BB M Sh iy 81 140

Two shi el@idRgchl@buhdibg 2dnlB8aczbepUiiedas e dumbcOPPos)st €n Soril€sasod, atdieencabl e
21102. In transverse cross section, cover portions 21107 of the shielding

films 21108k Aosdagion e cjecsinally Garfaeion it aie of dreshicldipg 4lms sudh4hati n cover

reghpns il b D8 At hBiferg INPLBEARINE GALARS A0k, sha, gable, on

b 18 s akddfifl b 8.3 %F%e&@fﬁ?ﬁ’%?ﬁﬁﬂ%%?é lRias Hﬁ%ggp?? s 21108

i ncl ude pirowtdeghngoetdn mag aldd b gefedred ®hisel ‘dedn eliett Elccaicatadntet Bath@2n thehe

pi nched pgrﬁ&on§ . .

shielding film and the ground conductor may be characterized by a relatively low DC
resistance, e.g., a DC resistance of less than 10 ohms, or less than 2 ohms, or of
substantially 0 ohms. In some cases, a given ground conductors may not electrically

25 contact the shielding films, but may be an individual element in the cable construction that
is independently terminated to any suitable individual contact element of any suitable
termination component, such as, ¢.g., a conductive path or other contact element on a
printed circuit board, paddle board, or other device. Such a ground conductor may also be
referred to as a “ground wire”. Fig. 39a illustrates an exemplary shielded electrical cable

30 in which ground conductors are positioned external to the shielding films. Figs. 39b and

39c illustrate embodiments in which the ground conductors are positioned between the
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2021109 of shielding filnms 21108 and insul ated conductors 21106 are
arranged generally in a single plane when the cable 21102 is in a planar
and/ or unwol2dex3edsrangenent . Pinched portions 21109 posipCirarseaoiosochet ween
conductor sets 21104a, 21104b are configured to electrically isolate
conductor sets 21104a, 21104b from each other. Wen arranged in a generally
pl anar, unfol ded arrangenent, as illustrated in Fig. 36e, the high
frequency 25el ectrical isolation of the first insulated conductor 21106a in
t he cond : nel:at : ' 1106b
in the cgﬁgﬁ%? ?hgéﬁﬁgﬁﬁﬁiﬁ1?§hﬁﬁﬁéﬁgi§?gﬁﬁ§p$ﬂsgﬁ§ﬁgﬁhﬁﬂgﬁﬁ@gﬂﬁﬁﬁégﬁgncy
el ect ri cahay soplatddan aof stitebld pasgioncating tothesbiclddd G4ss, befvaen e t 0 t he

second conductor.. set 21104b. .. As illustrated in the cross section
of Fig. §%§¥&P%Ehﬁﬁﬁ¥8C?T?H§“8%ﬂf%3hcharacterized 30by a maxi mum

separati on, QR&@MN@%Fig*)§9zﬁ(a\/sﬁ{eld%‘arélécﬁ{b°al gélb]:@leZatiﬁ@u(&J@ia%h ing filns
21108, a m ni rum separation, d2, between the cover portions 21107 of the

shi e} di ngonilyaier 1 20W4adhed eatendnilonga bagtreftthoerblai? 160pat Werductdreehi nched
POr L 07 ARG B TR e b TR, 10 1

| ess than l'es’s |%mgreater t han

0. 33. An sopirhteddly dadbwst ¥& 21B0r CaBl 2160240k G ehads t&hawimiblehwesndddis
pi nched 5 fortions 21109 of the shielding filnms 21108. The adhesive | ayer
may be coftsiZiabdmssmeecdianaetdim seduathen agrasp pavidipisd dhgmeblosandietengmigeadonge | ayer

may exte rhdlefl%[h ![oﬁ e %hYelhilﬁg ﬁlzlglsi ngﬁa Jlﬁ)g)lﬁ&{;?%%élft? %I%%Sh(g i[ﬁ%lga{b?e v1102,

e.g., betwee e cover portion the “shi and the
i nsub at edndoddemicopsrtidid D@7 a 2 Il O&isversh eroadireson,ehd eyver pomipnd2l @i7apiased on

the cover portion 21107.of the shielding fil 1108 and extend 10ful ly
or parti Loomprg, %“%éta‘b‘ilag]é’r?éﬁob%fr o108 Bh4a rﬁeﬂgﬁi%@g?%gsw 21108 on
one i de A1fa KABSLOESEn AldRADoricht H4B0d:loriRESIRLIEATHNMR M b4 o7d 109 of

the shielding fi on her side of the conductor set 21104a,
21104b. bonds shitldingHileis @il 6@ tiolcash @tha0& leath stles chamedudtter scz@t6lha. a r adi us of
curvat ur R across a wdth of the cable 21102 and/or b r.adi us of

cur vat ur e EoiEis AR g ERbrasD fretoptepherListar AT £ | m
and{or bytwanaxadcisic ebnfEiiMRIUhS cah Be usdd ih RQIGAN&GRIRE CirbuiPRiddgemertldll of the
shielding film I'n the transition region 21136, the transition

portion 2iffarenigsl peheirshit alrengemeni. | Thexshiddedodertienl gableAteRatfortheraneludesa
gradual tragnsi.ti bet ween t.he entric.portion 21111 t i el ding

7 P 21106 R b Al BR ABRE SRS GRRlbE e Edibhs it 2B T05 "The
transiti adGroped toriucdislitb1afard plecslivet, dindgr, find oa BAD8idexbesshduétopgeta fir st

transition Boint 21121, which_is the inflection point of the shielding film
1108 and YHeP4a OpidoneHy, the calle 2keRadpelpdes nyefestivrfilms 21620 pyroundmgdhgy

L SRR ARG Bk ARG, KOOSR o Rl

pr edet er mproteckiveaeya@21621 and an adhesive layer 21622 bonding protective layer 21621 to
shielding films 21608a and ground conductors 21612. Alternatively, shielding films
21608a and ground conductors 21612 may be surrounded by an outer conductive shield,
such as, e.g., a conductive braid, and an outer insulative jacket (not shown).

25 Referring to Fig. 39b, a shiclded electrical cable 21602b includes a single

conductor set 21604b that extends along a length of cable 21602b. Conductor set 21604b
has two insulated conductors 216086, i.c., one pair of insulated conductors, separated by
dielectric gap 21630. Cable 21602b may be made to have multiple conductor sets 21604b
spaced apart from each other across a width of the cable and extending along the length of

30 the cable. Two shielding films 21608b are disposed on opposite sides of the cable 21602b

and include cover portions 21607b. In transverse cross section, the cover portions
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251 n sonme enbodi nents, the cable 21102 includes at |east one shielding film
that has a radius of curvature, R across the wdth of the cable that is at
| east abowO 26/0303ronet ers and/ or the m ni num radi us of PCIrUs2010/060640 | , Of
the transition portion 21112 of the shielding film 21102 is at |east about
50 mcroneters. In sone enbodinents, the ratio of the m nimumradi us of
curvature of the concentric portion to the m ni mumradi us of 30curvature of
the transition portion, r2/rl, is in arange of 2 to 15. WO

2012/ 030 /; : I Yo3p L adius of

curvat ur ?zgﬁéggtgﬁg%ﬁ?%?g?s%mﬁaiﬂy rsﬁll Ig%lrﬁlgg% n?ﬁg wiedt h OP' tA Elgol{%lgg%le is at

| east abadheH e layor2dwblle rssdignodédbetwhen mmchodportiadi20 609 oftthe viaitldires filmst he

transiti rti of the.shielding film,s at | east m croneters. In

b oon® cas 6B b Porths st il fuioh Bine? a8 bt SR e the R B SL bt eo can
be Sconf ilﬁé{_ﬂ@c@ld tohddBtokd ﬂ?ﬂ_@'a&é’arpﬁ@éd g&ne%zﬂlﬁﬂgt' st ﬁlfan@&nd &?e%ftivég in for
exanple. This lateral flexibility of the pinched regions can enable the

shi et ded twasixeal podiderdndiabeadr ¢ablearyangeinerib|Shiaddndfaleptnesl cans 2502k faghere. g. |, a
configuration that n be used i.n.ar cable...ln sone cases, the |ateral
Dot Bt b Sl b A oo B Srs 2BTA pe 3R vt SR RRicERR s (.

i ncl ude twig08®h. TROST kRl @binEdondhdtbni 21642 wicdneahdddayebaducia see2168ab, dnde
integrity of these 10 individual layers in particul ar under bending

condi t i orf¥o afthq groppdgandpeigrs: 1412 erfsppendpats drofe eondupers# d94b.i nt act . The
pi nched regio y o | e 0| ' f: s than about
0.13 mm and t eef&%%%é(?[;%%? é%@ﬁﬁﬁe \\ﬁ%é%“?@ﬁ%w%%‘fmg‘%ﬁ%s%&f%% at | east
17. 86 g/ noonductdrrst 2 heddy thaft tetendddonmpd lcaxthas erlds 2d602cn @ gprloctessit Aolhc use.

In Fig. 36f a shi eleg(efg | ectri @j.cabl e 21302 is sho havi ng only one
shi el di nd¥5¥9 I 2sgen wcﬁ%faﬂa_g €0 ABUBBPSISU 36 CaR WK AR °F Wo two
conduct O(rjdiﬁgétgic %%@9%30‘?%‘%1@?1‘@0@9&9'% nie tcﬁﬁé\re Rh1h RS a &S SRMYLOT S

separate ctric/gaps 21314, "al t hough conductor sets havi ng ot her
nunber s ocbatadsipha it eawhdtict ecmsas willts olifsedblhend exteadieg alosg thxolbghpif at ed.

Shi el ded el ical caple 21302 is sh to includ t 21312
o var: oube S oFE R FEniohis TR iherdan S SR s ebbriBed
desised, 2 irdaddidviOpstioty PLe0de.CRNEIGTQEScroN sebor, M déetportibes A60pad

conductors 21312 extend in substantially the sane direction as insul ated
conduct orig comBogtion, sgbtighietpsuseuns! thgoandanwr set 1p04d. tApagitprisbadhesine
shielding fil 308. and arrier film.213 i does,.not., fu QN as a
hi ol ai ngearPRb TR spaSadRRkh alleprd boaeF ol schRFiREhuh 2R Dorti o0
21309 of ambibehdk dhgeldink mildd A0808casdadhhvteg @it cldestivad s sl 3led4ar e

i ncluded in one of 25the conductor sets 21304. One of these three ground
conduct orlgswatgd ponducioss? k608 secanaeeh senarHbunarsanele plape erdbefécctiyduen and

shi gj di an;éﬂa%ml %}gﬂéreirﬂ?lgp%%{/%b?ef ar{a!ﬁ%er%lﬁite%h%&ld ec?r‘?&?jl(f] Ugho Qié?(%%?&%f%rog of

arranged e genera anar t he 1 nsul ated condu
t he conduatlodesseilurality of ground conductors 21612 positioned between shielding films

21608c. All of the ground conductors 21612 are included in the conductor set 21604c.
Two of the ground conductors 21612 and insulated conductors 21606 arc arranged
generally in a single plane.

25 In Fig. 36¢, an exemplary shielded electrical cable 20902 is shown in transverse
cross section that includes two insulated conductors in a connector set 20904, the
individually insulated conductors 20906 cach extending along a length of the cable 20902
and separated by dielectric/air gap 20944. Two shielding films 20908 are disposed on
opposite sides of the cable 20902 and in combination substantially surround conductor set

30 20904. An optional adhesive layer 20910 is disposed between pinched portions 20909 of
the shielding films 20908 and bonds shielding films 20908 to cach other on both sides of
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In addition to signal wires, drain wires, and ground wires, any of the

di scl osed 30cabl es can al so include one or nore individual wires, which are
typi cal | ywonsulaossd, for any purpose defined by a user. PChamseoiaseictdé onal
wires, which may for exanple be adequate WD 2012/ 030367PCT/ US2010/ 060640
for power transm ssion or |ow speed conmmunications (e.g. less than 1 MHz)
but not for high speed conmunications (e.g. greater than 1 GHz), can be
referred to collectively as a sideband. Sideband wires nay be used to

transmt ogﬁ&ﬁ'crtorssfegfeigjﬂidn El’faefelﬁﬁﬁi%ﬂ?e '{)Mlé%sofgﬁe aYe. AL QR Ated .b&_{&llctog’g %ééqéa%r est.

The wires 1n a sideband are typically not in direct or 1 ndirec
el ect ri cdle amengatgennially e acingtet fane, andietffecnvay il eaehaganebleaseSgirhggn. may not

be shielded fromea ot her. A sideband, can,.jncl ude any nunber of wires
ouch a2 BT Cae SOt Cob BOBVGH R AgH I Cnil el o T iasien! b

confi gur ghiaQnldarien et hememeRt BHidging PAS RODE A8 inkRide 2l cBRH b dived
connections to the conductor sets and/or drain/ground wires that pronote

si gnal 1diyrr 8g84 and a seppenduciivadpmymyrislazerd?i988hrasneryoneludatig/condustivew nmass
term nati,on t he, c uctor sets and drain w Iin .t he cover regions,
thecond i 08 PRGN ST B Nl P DrtledeBlge R AT B B 1 Tmana & he
conduct orcoggili@ivanses 2pFisatofdadty diBlAAE fitdiad KieywrbfcinBenuladeheshdug@gisons. These
circuit configurations nay provide intra-cable electrical isolation between
t he cond 29989, i insaligraative cphedigagstse ongeigkathyef deshigldingiilng may Bavesn
15betmeeqféggﬁgggg&%£8r sets of the cable and the external environnent,
require fewer drain wres, and/or allow drain wires to be spaced apart from
t hel@onduct or Heteyed mirti@x20887ef at lcast oAs optheshizltihy filrhd 20008aheddeand/ or

descri bed, the. shieldi films may include concentric regions, pinched
regi ons ﬁacqqtr_é%g@%%%?@éa it are Whtta g AP0E I ‘éfﬁéicmrewga@m/@%_ the
concent | donli&db Q280G thl CoiufR 84 20904 Oltthe Fl SGPIEINY 0PI cifich@vM.t Y of

20 the concentric regions, pinched regions, an ansition regions
i npact t Heneitieo ppiteal 2088d phitt shickling 8Inpf 20908 acalidtecenl the cenatesicrpmiptianst o

reduce a control .the inpa aysed by .non-uni ifies.in the geonetry
of “t hose e8] fferidnedor e Doulid g K ehOY chaiiuo] pirlSy” ot e
shapg, comY8Phse pRBichadbyBot@fsidey bY adndhebr ¥t20904,A8d b&hAubh pbrtidn Galdl®scan
favorably influence the electrical characteristics of the cable. Wth

regard t o apss-2eionahyhnsitem greg?M3da. The suy dberageséatighbldransitivedipeed34te si ze

and/ or t OIS f)?e?%r%ﬂgzs{l hﬁ?atlgl%ﬁn%%ersia{%ﬁual?ig qflmezn%éthoc];f c%ﬁ&usc(ta’org 3% .SFor Iéoalimeféar’rpl e, a
reduction fn e’i'nfluence of e ansitPon regions” Can be achi eved by

reduci ng thésurd io? erosd-sdckiend] aggas 2093 &GV 4 1&8 eHaars0easesrulitngtieont kol 1 i ng the
configuration of the transition region al.ong the_|length of the shiel ded
el ectrical cadraddifenbs e e19ss-gqchignalfirapsiion prgas ?993dR maydiconbstaritlys t he

capggi t angGeame and/or substantially identical. This configuration of transition regions
contributes to a characteristic impedance for each conductor 20906 (single-ended) and a
differential impedance that both remain within a desired range, such as, e.g., within 5-10%
of a target impedance value over a given length, such as, ¢.g., 1 m. In addition, this
configuration of the transition regions may minimize skew of the two conductors 20906
25 along at least a portion of their length.

When the cable is in an unfolded, planar configuration, each of the shielding films
may be characterizable in transverse cross section by a radius of curvature that changes
across a width of the cable 20902. The maximum radius of curvature of the shielding film
20908 may occur, for example, at the pinched portion 20909 of the cable 20902, or near

30 the center point of the cover portion 20907 of the multi-conductor cable set 20904
illustrated in Fig. 36¢. At these positions, the film may be substantially flat and the radius
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30devi ati on and reduces the required space between multiple conductor sets,
t hereby reducing the conductor set pitch and/or increasing the electrical

i sol at i orwbebp1smenND 2012/ 030367PCT/ US2010/ 060640 condueCorussensscoc@ar ef ul
control of the configuration of the transition region along the |ength of
the shielded electrical cable contributes to obtaining predictable

el ectrical behavior and consistency, which provides for high speed

transm ssion lines so that electrical data can be nore reliably

transmtt ﬁga{ : : C (We] i - of i.tion region
al ong théﬁﬁgngtr@%%&?%%ﬂ%%@%?ggghgﬁgb??F?g{ﬁ@g%?%hﬁgﬁgﬂﬁggﬁgﬁﬁgg t he size
of the trshiedding 6im 20998 way appr ofac bresnEe,| ad viertraisition Iportion. 20934 of thel ect ri cal

characteristi.cs .of e determ.ne the cable's suitabiljty.fqr high speed
cianal ¢ riifE o0 dodpirgariparoty dis nrser o vk highlediA

char act erijcadsh thel WRBOSKNAEE catll OB 1daSubo@S50 midr&nstkal Ke., Sk e¥iuSyupReNENg, and
jitter, anong other characteristics. The 10el ectrical characteristics can

depehd ordoeheotdiaye  cedgngedmnaller rantSRenicrintaters asanyrmomtalmigthdivsdh o8, and
can al so depe on the material ,praoperties.aof.th abl e; ¢co nents. Thus is
- gener 4Py BRaPRLOr SRS i Sreuf B She BBt R TR P BRDERER sconer ry
and/ or nEhEGIS trpfisRT pdresn, ahonRdius E ceabiuee bahgthnsitre! p@xampf e t he
characteristic inpedance of an electrical cable depend% on t he physi cal
geonet ry sBipddipafibpiinimppady at leps byt SOHeicroamtess. 151f a cable is physically

and rmateri al | z&oﬁ?‘i]gﬁgg\@ko‘?ﬁ'&, *)faﬁatl dond &g%&%ﬁieﬁ&ﬁ%lﬁ% gt @Ehatyc | npedance

of the cable e unrform on- mties In the
geointet ry canckntric patien aad a praoyiest p&sowbretdherac@hibgble by s eadiusofmetatiresfi n t he

i npedance, at the points of non-uniformty. The jnpedance m smatches can
cause r efth%eer}cswgwtpﬁ&tona?\tl eidqre r@ﬂlésg} %@%ﬂf thEansHion nogieon Hs eSon 1 oss

of the c : i i Ni: j ) i i eonetr
frﬂdi%!ra‘%neté% Uro 111[(&&5%&%@1@%@%%&' @hl{l@ QHQ%Y Ih%x@rﬁn%ﬁ%z ahy&imahts 9 y

and material properties along the cable length can I nprove the attenuation

char act erRKtliissn efanghef 2abll®. Sone typical characteristic inpedances for
exempl ary el ectrd.cal cables described herein. are 75 0 and 100
ohrer fot exanBIFes- Yl SOohe eEoRTry Heldgns B GobmBPE Sh arart a
properti giclgfest@naahibest H@\_ﬁﬁ% M@ﬁsﬁl@fe@Icandmyorbzl(ﬁmﬁepa’aiea%fyto@el@c&ﬁé/uﬁe
variations in the characteristic inpedance 250f the cable of |ess than 5%

or | ess tdaar016Hudn this embodipmwat, thovhi¢ldeg fidms 31¢Mhayc @orsynmelricconponent )
characterjzes the tq; | .l oss gf si.gnal ower.@ttruputab e t? t hat

cong%ura 10n, wWhic chatnlges t ']3 8051 On Of tB TansSition,poruons relatlve 1o %fnore .
conmponent”. eterminsertron Ss i s often used'interchangeably With the

t erm at t ggatdtOnembbdigrbualn Big 363, saeetd searidsfcabied1062 Bdd pihced psrtivaysed by
a conponent excl udi agedance m smat ch | osses. or a perfectly

Somat Ehed 109F BLACIAR e 2I0Y Ganis i telia (bl aRERR LA FOROMISBREE Bh | oss
of §cabl s?nf.nrfb(ﬁly'“mﬁe insulated conductors 21006. As a result, the transition regions 21036
have a somewhat offset position and configuration relative to other depicted embodiments.
However, by ensuring that the two transition regions 21036 are positioned substantially
symmetrically with respect to corresponding insulated conductors 21006 (e.g. with respect
to a vertical plane between the conductors 21006), and that the configuration of transition
25 regions 1036 is carefully controlled along the length of shielded electrical cable 21002, the
shielded electrical cable 21002 can be configured to still provide acceptable electrical
properties.
In Fig. 36¢, additional exemplary shielded electrical cables are illustrated. These
figures are used to further explain how a pinched portion of the cable is configured to
30 electrically isolate a conductor set of the shielded electrical cable. The conductor set may

be electrically isolated from an adjacent conductor set (¢.g., to minimize crosstalk between
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reflection loss (loss due to mi smatches in characteristic inpedance),
coupling loss (loss WO 2012/030367PCT/ US2010/ 060640 due to crosstal k),
conduct orwbasr/(3033i stive | oss in the signal conduct or spCTdiSed10mb064€ | 0SS
(loss in the dielectric material), radiation |loss (loss due to radiated
energy), and resonance |oss (loss due to resonance in the cable). Insertion
| oss may be expressed in dB as: P 5lnsertionloss(dB)=10logio, where PT is
the signal power transmitted and PR is PR the signal power received.

| nsertiongy é&?ﬁv g??%%@%@%? Bt frﬁr% thd 9xt§1‘n9ﬂéan{)ﬁﬁgﬂt%}%{e le&HecPélQétﬁéal c@blcOt her

conponents’ o | engt Insertion [ oss may be expressed per unit
| engt h, deg., oasmdi%taﬂt:@romd‘gng@c radRaonnstag®boarthe glriajdhd cloftricalsmbleiand | oss
VS. frequen fo hle | es descri ed her ei pver, a f reguenc ange
of 0 1o T0ze s el d TSR BT R B BRI RE et al
sets of 3RAWA septhealdeiariod edaRicoNMuehAEas r&dliz8 tCelbIREM dd¢Rion. Fig.
40 is a graph of the insertion |oss (SDD12) of Cable 1 which has silver

pl ated 3ExamBlesonduds dose prpmgmtmf the shueldinggHmef high élenlewgr@r qansant wsfsriglSDD1 2)
of Cable 2 whi ated r gs. 40 and
2, Car o FrEEn e JiGus el e o bR AR e (PR sleBin G0y ) e
an lnsertdoﬁfaci Wik aDIEadt@ﬁéofiha@h@hﬁmg filn Bk tondud dmeitelbeBiechhdacahout -4
dB/m At a frequency of 5 GHz, Cable 1 (30 AWG silver plated conductors)

has an i reoafYGieTseisoBRysisRl Prsaks hamwernsshisent condwyter scir NGNS SANTAG UL - 4 dB,
or even ltﬁégh %lggw%&a%g% ca %]oqgér regl' &t &%ﬁﬂﬁ%@%ﬁﬁ&ﬂ%&% POSS 0 to 20

GHz, Cabl trn ate ucto inserti’o ess than
aboUI -SQndakmwe@dh&m&5ﬁﬁﬁMﬂduﬁhwabout -20 dB/m or even |less than about -15

Si 1 ver pl at ed TenSCRBY )N HES: WStIPhIOHT Ut dIGeGes £t LT BHa abBe oo
A ot her T e B R o L onal o
conduct orex¢inding [Fagitudirallshicaigdddngtbbf the cdblsc Battedoriductohect il $¢4a02UtEtb at a
fr equencyhagtcwg incsamzate% c%%glllc?ors 21106a, 21106b scparated by gaps 21144. Two shielding
15 films 21108 are disposed on opposite sides of the cable 21102. In transverse cross section,
cover portions 21107 of the shielding films 21108 substantially surround conductor sets
21104a, 21104b in cover regions 21114 of the cable 21102. In pinched regions 21118 of
the cable, on both sides of the conductor sets 21104a, 21104b, the shiclding films 21108
include pinched portions 21109. In shielded electrical cable 21102, the pinched portions
20 21109 of shielding films 21108 and insulated conductors 21106 are arranged generally in a
single plane when the cable 21102 is in a planar and/or unfolded arrangement. Pinched
portions 21109 positioned in between conductor sets 21104a, 21104b are configured to
electrically isolate conductor sets 21104a, 21104b from each other. When arranged in a
generally planar, unfolded arrangement, as illustrated in Fig. 36¢, the high frequency
25 electrical isolation of the first insulated conductor 21106a in the conductor set 21104a
relative to the second insulated conductor 21106b in the conductor set 21104a is
substantially less than the high frequency electrical isolation of the first conductor set
21104a relative to the second conductor set 21104b.
As illustrated in the cross section of Fig. 36e, the cable 21102 can be characterized

30 by a maximum separation, D, between the cover portions 21107 of the shielding films

21108, a minimum separation, d2, between the cover portions 21107 of the shielding films
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25with tin plated signal conductors of a size no snmaller than 24 AWG has an
insertion | oss of |ess than about -5dB/ m or even |l ess than about -4 dB/'m
At a frequerne1z/wsH36d GHz cable with silver plated signal pconseewos®miof a
size no snaller than 24 AWG has an insertion | oss of |ess than about -5
dB/m or |ess than about -4 dB, or even |ess than about -3 dB/m Over the
entire frequency range of 0 to 20 GHz, a cable with tin plated signal
conductors 30o0f a size no smaller than 24 AWs has an insertion | oss | ess

than abo%llﬂ@,%nﬁ%/rmnirﬁﬁmhgﬁa?gc éﬁ@d?,%@emﬁ%ﬁ@lé&{?ﬁ@&%/ﬁﬁ@ﬁ@th%ha“ about

-20 dB/m or even less t ll)out -15 dB/ m " Over e entire frequency range
of 0 to 2DicGHag fibmeAbI0S. Vih séms embedinehtst édDsis dpsathaoditfiot kssthef 0d. dhze no

smal l er than 2 WG has .insertjon ss of | ess than about -20 dB/m or
even Iesssoflﬁfﬂl%é?@%?ms-’ii%ﬂjgﬁlwa rth%%h 1ess than about -10 dB/m 5The cover

portions and pAREheshaPRIHEQE ayBehBy bO iRIRIH fab SR Y bdtwebAthe pift@cgonduct or
sets in the cable fromeach other and/or to electrically isolate the

conduct orposiéens 2109t the skitdergalmsedh08 ohhe adhesiFhdayshimal diggniinuons odi scussed

herein ca rovide the cl osest shi d f.or. the conduct or ts owever
nart 1 ondiscBREIS, i Sonts SRERAmENS ShS adBish B ARYSRIRY 63! Smah ISR, 111 e

may addi tthesalek yediéh 25ad off ¢hd dableadd 82,1 )t | et wad e a6etr@ortent 10T abthe

10i sol ation. In contrast to using one or nore shielding filns

di sposed sbitldng fikps HHL08 agd dlessingflated soctstass Sl k06acHlIdpbpdhe pdlipsivadayehi nched
portions G rel >3 i

conducti vtg%]" ?ﬁe%%adrsg(ﬁg ﬂf‘encg:vé'rl p@fﬁgﬁ%%%n uctﬂgé;Shgég 1%1@2‘1%&?1&?%‘%%%’?1 %?tgﬁ(cii or as
an duxi | ifally osparghltly from thépinchsiepoafion M @ alhe shaditliag filimed 109 ot ane yide

differential signals t he path of the return rrent is along. opposite
si des of YfReBMepTet HHheatiap iqfhgpIEhEL pRLiop A3 o t_hﬁéf_ﬂglﬁf{b% i esul ting
i n di scontjipgibh HRSothdt sidirah EcalictbPid R @At Br1glge peri odic di scontinuities

produce signal attenuation due to resonance of the conductor set. This
phenonenon i s Kreoveldsg fishg2bl08xau ke obiaractanzbddgm pdod vt eursiatyrd, Ri, eamss si gnal

attenuati on. t.hat . occyr a particular frequency, r corresponding to
he' recoranidd Snf Edle AL SRyt ol FHAHIERT Y R I8 iR T PR REaD e
72005 (1 ef19n2 8FtheQhRRIRE Al andZ8Pbea AldidshAlcuRAkird rD,%ﬂtH@&dtﬁéeM@%Bﬁﬂ)nf ilm
7208 around the conductor set 7205 as a closest shield. Fig. 43 shows a

cross sedlildhobtheghickbn@fiT®00, (referred to herein as Cable 4) having a
cable con L SUrgl 0Bl S L DR DSBS L R
7306 and 21W08 i B4 ghrdiged td p®ViA3AGradual transition between the concentric portion
21111 of the shielding film 21108 and the pinched portion 1109 of the shielding film
20 21108. The transition portion 21112 of the shielding film 1108 extends from a first
transition point 21121, which is the inflection point of the shielding film 1108 and marks
the end of the concentric portion 21111, to a second transition point 21122 where the
separation between the shielding films exceeds the minimum separation, d1, of the
pinched portions 21109 by a predetermined factor.
25 In some embodiments, the cable 21102 includes at least one shielding film that has
a radius of curvature, R, across the width of the cable that is at least about 50 micrometers
and/or the minimum radius of curvature, r1, of the transition portion 21112 of the
shielding film 21102 is at least about 50 micrometers. In some embodiments, the ratio of
the minimum radius of curvature of the concentric portion to the minimum radius of

30 curvature of the transition portion, r2/r1, is in a range of 2 to 15.
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on opposite sides of the cable 7300. The shielding filnms 7308 include cover
portions 7307 that substantially surround the conductor set 7305 and

pi nched peot2os036309 on either side of the conductor seCTABRGO/0EH e 4 has
silver plated conductors and polyolefin insulation. 30The graphs of Fig. 44
conpare the insertion |oss due to resonance of Cable 3 with that of Cable 4
The insertion | oss due to resonance peaks in the insertion | oss graph of

WO 2012/ 030367PCT/ US2010/ 060640 Cable 3 at about 11 GHz. In contrast, there

I S no insertiqy a8 Snfbintdits %ﬁﬁ@i’% 6r QRvALNAR! 6f thB shiBRIFR! édgé?ét% ﬁié@s S

graph of Cable 4. Note that I'n ese graphs, attenuation due t

t er m nat ivoidth affth¢ bablc abit Eastraboal Yomprresetats. andfoe thet hemwami radiusloEcireature
resonance of Cable 3 can char act eri zab| e a ratio Sbetween a nom nal
Fgnal atb iStebin IRERD SaS TRuGkdi 4 BetNafrbRstet o resonance.  RoA
wher ei n NSA i gp@oink R€sc§ AR BRIChODreL R8s BEAKSof@he HERrib&PMABEEBIR canbe RSA is
the attenuation at the valley of the resonance dip. The rati o between NSA

and RSA foonfigakd ¢o be katerally @z af an anigtsue of aticayBI0°3Hr¢Rampleaddislagra. | n
contrast, hl.e has RSA val ues, 0f, abo i ch rresponds t,0 zero
ST enast 1l PR R rEReny Aty i MPhodeab e B 35S P RORHRaE

The i nserdohfipurk®6§ s0éh £ablg€S oAl gt bhaCeads Setin Dvahd ggneelrynef Cable 4
were tested at three different lengths, 1 neter écable 5), 1.5 neters
(Cabl e 6)casqgnihe Jatprat Bexibilicaef the pincirptbrogipss it qnghlef by shighdipmBlnpgthat hese

cabl es i | I0. . I 0; ency
range of%Bapgygﬁi@ggég{ﬁgﬁgﬂ?ﬁgﬁgﬁ?ﬁﬁ@ﬁgpgﬁhggf%g%ﬁgﬁéa#gﬁﬁd@?gggated wth
t hel@ er mindividoal lapds irsparotular undsobavdaey doadsiohs, it is preféised thhtuht batdsd i n Fi g.
46, instead of using a helically.wapped shield, so pes of cables 7600
i ncl ude eF‘?S?‘F&itFﬁHF?{B‘I‘WmP‘HI %é‘a P&%ﬁ‘ggﬂt@%ﬁ 03y| iRy ﬁ?a”g’g?\fi%"&% VeRYMeri al 7608
around t hg;cRAdUELQL thlﬁﬁtaﬁou%% thi, bRl ﬁﬁ‘etgggd GrO2SbetR B Endivi glnag?vgs 7602 of

the longitudinally tolded shield film?7 may be overl appe r the
ends of trhay hatdtadt PDR6 Emmd Y lizansoalftedthairnd capewasm duGap ipescekrang orguse.

| ongi tudi nal I y_fol cl.osest. shield e qQverwr apped . with one or nore
mxt 1 ary ohi dndge 780s SHEREThieC e Ghur TR0l &meRpde aRa b e dBa o
sepgs at i MIMMIB08t MR uEAT @nlisctbR21306 bR aRgdd M ) coh@h dbn@ts B 0g] dakwat e
the signal attenuation due to resonance by avoiding the periodicity of the

shi el d gdpsingaubeendiainedinsdited condapiorsigpamted dhyide¢lectrip/gors2dd 14 radthough
overwr appi g, &9 BISUERL Sl ShZRIFRAL ALLRHNGERAR O NG RALE! . 2Tt hess.
Cabl es WICtH cover pOI’%I ons tha Su srtlan rally SUI’I’OUI’]& %Fle con UCPOI’ sets

and pi nchedtcp@litednShitidedtiectrion @BRIR130218 shbwhhe ichnrdyesitid ®atuassdescri bed
herein do not rely on a helical]ly wapped c|l osest shield to electrjcally
i sol at e t2é1%shvrstous exaplarydaeptions. it apsepiallef them mpydtonifped Hglepired of s

I ongy t udi gl fall é%l)ﬁﬁfjccﬁlrdﬁytgg dal e GRAHHAG! Ghe %ﬁ}tﬁdtCBnductors 21312 extend in
substantially the same direction as insulated conductors 21306 of conductor sets 1304 and
are positioned between shielding film 21308 and a carrier film 21346 which does not
function as a shielding film. One ground conductor 21312 is included in a pinched portion
21309 of shielding film 21308, and three ground conductors 21312 are included in one of

25 the conductor sets 21304. One of these three ground conductors 21312 is positioned
between insulated conductors v1306 and shielding film 21308, and two of the three
ground conductors 21312 are arranged to be generally co-planar with the insulated
conductors 21306 of the conductor set.

In addition to signal wires, drain wires, and ground wires, any of the disclosed
30 cables can also include one or more individual wires, which are typically insulated, for any

purpose defined by a user. These additional wires, which may for example be adequate
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30el ectrically isolate the conductors sets. Helically wapped and/ or

|l ongitudinally fol ded shields nay or may not be enployed as auxiliary
shi el ds ewDepnal30360 t he cabl es descri bed. WD 2012/ 0303@C¢PTBLAISAEHLA 060640
Cross talk is caused by the unwanted i nfluence of magnetic fields generated
by nearby electrical signals. Crosstalk (near and far-end) is a
consideration for signal integrity in cable assenblies. Near end cross talk
is neasured at the transmtting end of the cable. Far end cross talk is
measur ed f_awv!?@r tFRERIVioN Br fW s Red LBSnfARG nsc‘q“%%s fls@irin 1SVPRPLGEGOL AL ari ses
in a victimsignal fron1unmante§ coupling from-an aggressor signal. C ose
spaci ng Begweend ttremsingaadns (ke grenter thae 10GE)e canbll wieriad to kelldctivelymaki on
area can Qf s%ﬁgqﬂiiQie.to crgsst | k.. The. cabl es aqd qpnnectorﬁ descri bed
herei n appi-0aihelddbang igemay PpUsiHPyranEgit PAYSHPFS: drlgCOfaPR4INOT Y cabl e
can be refAuGgethnhf ofilRr &L MR b LinRAiddban$ arcttyABRA I AR M BREL bPIRYire@nd/ or

pi nched portions of the shielding filns in conmbination formas 10conplete a

shi el d swlgctnigadicorgact athcesah othenrbus vt & lepst oomstalsésehey may het keathiddedciress t al k
is reduced jf .thefe. aps._between t he shields, .then making,that gap have
s i g i hepet oA SRR T bR B b lSieng® P o b A B Gi e
el ectri car scanb@et between the shields. For exanple, the shields may be in
direct contact, in connected through drain wires, and/or connected through
a conductive adwediolded qeble cepBgpaonsales@ihed efcHnProyRORRPTIUBEEY f0E et ween

the Cond;hﬁﬁ@g@eogéonh@&ioﬁg% fhe %@ﬁ%&c%‘? sE§ %H&/Bﬁﬁﬂbgﬁgﬁﬂd @hr%?ﬂﬂ?@loﬁ{dte éigrﬁ’at?:t alk

can be r y 1’ ncreasi ng separati on en the contact porn
t hus0 r eduaicpdtyt heportdudisiry ataadatd pagacols,iavd/oe allgl intgs terminatiokrbfjthee 47
illustrates the far gnd.crosstg{k (FEXT)_isoIatiog bet ween t adj acent
conduct oreO8dicorgetsang drajB mtiean it theicaver i gians. dafoBdyHer wisire APstagHalE t or

sets are sﬁ%ﬁ’%cfeh%' %h%@diﬁ%hﬁh@%d fhe Bond AR Set Qre?é {%dgfo%'p%ce(n%@f@'ggo%) , and

bet ween two adj acént conductor sets of shielde l ectrical cable
i |1 ust r atteelpinohdd ggionsaThdve cetut shifeguditiogs fuialy peovadDiBtrarcebls plecedahpart by

bout 0.Q25 r | 2 bot h havi bl . th of  ab . 3 Th
oot ot e SR aBy i S0ad e dort R B8 O Bk s etbiS ROMEAR Tt o v
genes at ethetSdAGh@Pord¥biot Bits 87RL Bab18Andvitle cxtoffh] GhidrormiRak, a8@LiRY feiVet vark

Anal yzer. |t can be 25seen by conparing the far end crosstal k plots that
t he converir¢sonrd/ordllopt dramaviresiblbe spangd ghire frgadthe Ferducios a¢ts.dab¢engdo 2

provide a sim]ar far .er rosstal k .per.fo nece. ..Speci fical.l it is
General |y acces: avpnf MfRazhy of sBELbSl FROPR B iR HASundlied 55’ Ge 1 s

sui t abl e doatentstegip] pitéted @8Eond dndaAsibion easodsythaeaitaddadiadsitgon 47 t hat for
the configuration tested, hoth the conventional electrical cable and
shi el ded Bstweansthe gencenipic scgiomang the pigehesigegiops f g gropncdyesad upHamitsef at i on

perjermange con-EQEtri%%éigﬁséﬁﬁlgflé/d %gﬁ)ﬁg,ra!naﬁ)lr R Qliét }e%ﬂ)ns impact the electrical

characteristics of the cable. It is desirable to reduce and/or control the impact caused by
non-uniformities in the geometry of these regions. Maintaining a substantially uniform
geometry (e.g., size, shape, content, and radius of curvature) along the length of a cable
can favorably influence the electrical characteristics of the cable. With regard to the

25 transition regions, it may be desirable to reduce the size and/or to control the geometric
uniformity of these regions. For example, a reduction in the influence of the transition
regions can be achieved by reducing the size of the transition region and/or carefully
controlling the configuration of the transition region along the length of the shielded
electrical cable. Reducing the size of the transition region reduces the capacitance

30 deviation and reduces the required space between multiple conductor sets, thereby

reducing the conductor set pitch and/or increasing the electrical isolation between
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performance in conbination with the increased strength of the parallel
portion due to the WD 2012/030367PCT/ US2010/ 060640 ability to space apart
t he shi elwDng12d3b3s8 i s an advantage of a shi el ded el ect PCTalS2@alob@40
according to an aspect of the present invention over conventional

el ectrical cables. Propagati on del ay and skew are additional

el ectrical characteristics of electrical cables. Propagation delay depends
on the velocity factor of the cable and is the amount of 5tine that it
takes for. g4it@N@ls. (@rdfiPY kol 6O OSSR ofitherGRRIR r%%oﬁ RRn@RROSI te end
of the cable. The propagation delay of the cable nmay be an inportant

consi der dengihof thesiistderhetdctricabcabiadopsiilsutesrtelobtainieg predambda¢lagentl conduct or

set. The ,high frequency isolation of the.first, jinsul.ated.condyctor relative
To i he SdEURIOTBEGRATSERFY: P fpY des fod St GRBMUOTAIT00 T peci 11 od

f requencye|scainae doh cabpdimor: fefla®h @tdhsritePHT afEl @nirINGttHe &nfibuf®lbRlof thehe

hi gh frequency isolation of the first conductor set relative to the

adj atent teosidios regiosalpng thedenrgtle ohthefshiclded ¢lastrivgbeadikis @factor astihe sigeef f i ed
frequencythetcl;z can boe igﬁal ?aésctheslglodBerlf%W%h'% han Cl. The difference in

pr opagat i oh ael ay %& WedP P WO ot "ot &“Conductors in a cable is 15referred
to as skew. Laveakew chsragengicalolfy calsiside@bhide g sudens aomabilies frhidf spaedabl e
used in single ended circuit arrangenents and between conductors used as a
di f f er entsigial pansmissape Flpetigr chameicriptis of e sabla drcdids haragtegist Bnnpdarpe n
single e G cui I Skew
bet aeon Tg oot el SRl DARTR0L Sofiffh, Ahd Rk BEE L e R e 1
al st a cahsitdet alidracneridtios caxdapphdon denptysitdrggombtra oflitfefceblends mbvipadly 20t hat
have different lengths (or different velocity. fagtors) can result_in skew
bet ween t %uéﬁeana&adscaafalséﬁépﬂ}dfqne%mait%al B%ﬂpﬁél.es o e CPEPOPRY Eiisw nay

I ncrease ji H%‘E,ﬁ&h@@d P36ke tb %ﬁgﬁﬂ%ﬁbﬂﬁﬁﬁ%%ﬁifoﬁ?gﬂﬁﬁca@g&ﬁﬁét dag/@nd/ or can

result in ahigher bit error rate and jitter. Skew produces conversion of
t he di f f engnatialgpropsirtggsallortgtha cadertanpthndwe exsdngmlal the bizdractemstisempeddnecofd back

to the source, .reduces the transmtted signal strengfh, cr.eat
25el ect r ditdsrtd L CtEanenon DR hxanS e ey e mh AL onS s WeRe tbler  or
rates i n pachilew pHysically and materially uniform along its length, then the characteristic

impedance of the cable will also be uniform. However, non-uniformities in the geometry
and/or material properties of the cable cause a mismatches in the impedance at the points
of non-uniformity. The impedance mismatches can cause reflections that attenuate the
signal and increase the insertion loss of the cable. Thus, maintaining some uniformity in
20 the physical geometry and material properties along the cable length can improve the
attenuation characteristics of the cable. Some typical characteristic impedances for
exemplary electrical cables described herein are 50 ohms, 75 ohms, and 100 ohms, for
example. In some cases, the physical geometry and material properties of the cables
described herein may be controlled to produce variations in the characteristic impedance
25 of the cable of less than 5% or less than 10%.

Insertion loss of a cable (or other component) characterizes the total loss of signal
power attributable to that component. The term insertion loss is often used
interchangeably with the term attenuation. Attenuation is sometimes defined as all losses
caused by a component excluding the impedance mismatch losses. Thus, for a perfectly

30 matched circuit, insertion loss is equal to attenuation. Insertion loss of a cable includes

reflection loss (loss due to mismatches in characteristic impedance), coupling loss (loss
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jitter. ldeally, a pair of transmssion lines will have no skew, but,
dependi ng on the intended application, a differential S-paraneter SCD21 or
SCD12 valwie 20répBe®3enting the differential -to combn noaeTasamensican from
one end of the transm ssion line to the other) of less than -25 to -30 dB
up to a frequency of interest, such as, e.g., 6 GHz, may be 30accept abl e.
WO 2012/ 030367PCT/ US2010/ 060640 Skew of a cable can be expressed as a
difference in propagation delay per neter for the conductors in a cable per

uni t | engf .o LkGAR ,icbnﬁgggy 1bss (FRRHFERI% Y bR donti@sfldiddditc @39

interpair skewis the s between two pairs. "There Is al'so skew for two
si ngl e cdss or thotdhdectie matcuinb hiadiat el loss (less. dusho eddiedd edcegy)r arckilcs@abtes

descri bed herei 5achi eve, skew.val ues qf |ess than abput 20
b cosecoras it Bre RsRtrs bns S0 Tt iindon 5 pLERTRRa T % 1 at es up to
about 10 CGops. Jitter is a conplex characteristic that involves

skews, reflections, pattern dependent interference, propagation delays, and
coupl ed noi se that. red siigpal fual jt Sone .st andar ds _hav efjined
FTiTbr as the PR SO RBuaden ke TE Y B T BRI R « o
nom nal value. In digital signals, jitter may be considered as the portion

of a si gnht sighsiposet teebived fnsemion s indHpenddnabe tHeaig@adfB@uenkpgi ¢ stat e t hat
the digital state is indeterm nate. The‘e){e pattern is a useful tool for
measuring overfrcalipy Rapthgueampapepis i yadatle lengdy garéiop fess srayderegpigpsed

system ;tp%? Iéi'i ge{%%@ug‘rbg'ﬁ 35 8{3?41/%?1? -Fig@. Q0£YRd B&Y g :%gapgl%f B@eﬂﬁ%g‘i’?sfs Qs TEASUrE

jitter tra ageé zero crossi uring t ogic state 15
transi ti dequiygy foatliglded el @rdeneaed hervbndwerarfeeqgenoyrange afifl to20diHz.i me or as

a percentage of a unit interval. The ".openness"” of e reflects, the
en B Cor TitcaRlsaftoti vors f e bl wiRB SRS e of pOSREN FordeioRs 84 gnal
El ectri calgoparidar-cadisfPsmbQané cabl e types tested are provided in Table 1.
Two of the tested cables, Snl, 5n2, include sidebands, e.g., |ow frequency

si gnal cabl es.Figwi) iof Pdphivd thaibbaton &xss DD X1 Gapke UWiiiCIhglaS Bitslr pbeed
si debands,, 40, 20321 03095 T SR04 QRO SIS (BT AN IS hitser i on
has tin plated 30 AWG conductors. As shown in Figs. 40 and 41, at a frequency of 5 GHz,
15 Cable 2 (30 AWG tin plated conductors) has an insertion loss of less than about -5dB/m or
even less than about -4 dB/m. At a frequency of 5 GHz, Cable 1 (30 AWG silver plated
conductors) has an insertion loss of less than about -5 dB/m, or less than about -4 dB, or
even less than about -3 dB/m. Over the entire frequency range of 0 to 20 GHz, Cable 2
(30 AWG tin plated conductors) has an insertion loss less than about -30 dB/m, or less
20 than about -20 dB/m, or even less than about -15 dB/m. Over the entire frequency range
of 0 to 20 GHz, Cable 1 (30 AWG silver plated conductors) has an insertion loss of less
than about -20 dB/m, or even less than about -15 dB/m, or even less than about -10 dB/m.
All other factors being constant, attenuation is inversely proportional to conductor
size. For the shielded cables described in the disclosure, at a frequency of 5 GHz a cable
25 with tin plated signal conductors of a size no smaller than 24 AWG has an insertion loss of
less than about -5dB/m or even less than about -4 dB/m. At a frequency of 5 GHz cable
with silver plated signal conductors of a size no smaller than 24 AWG has an insertion
loss of less than about -5 dB/m, or less than about -4 dB, or even less than about -3 dB/m.
Over the entire frequency range of 0 to 20 GHz, a cable with tin plated signal conductors

30 of a size no smaller than 24 AWG has an insertion loss less than about -25 dB/m, or less
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Skew Snl 4 signal pairs, 2 outside grounds, 4 sidebands Sn plated, 30 AWG
Pol yolefin dielectric -4 dB/ m <10 ps/ m (pi coseconds/ neter) Agl 4 signal
pairs, 2 wotsiasomrounds 4 sidebands Ag plated, 30 AWG PRoOIUSI16/050%40
dielectric -3 dB/m <10 ps/m5n2 4 signal pairs, 2 outside grounds No
si deband Ag plated, 30 AWG Polyolefin dielectric -4 dB/ m <10 ps/m Agl 4
signal pairs, 2 outside grounds 4 sidebands

than about -20 dB/m, or even less than about -15 dB/m. Over the entire frequency range

of 0 to 20 GHz, a cable with silver plated signal conductors of a size no smaller than 24

AWG has an insertion loss of less than about -20 dB/m, or even less than about -15 dB/m,

or even less than about -10 dB/m.

5 The cover portions and pinched portions help to electrically isolate the conductor
sets in the cable from each other and/or to electrically isolate the conductor sets from the
external environment. The shielding films discussed herein can provide the closest shield
for the conductor sets, however additional, auxiliary shielding disposed over these closest
shielding films may additionally be used to increase intra-cable and/or extra-cable

10 isolation.

In contrast to using one or more shielding films disposed on one or more sides of
the cable with cover portions and pinched portions as described herein, some types of
cables helically wrap a conductive film around individual conductor sets as a closest shield
or as an auxiliary shield. In the case of twinaxial cables used to carry differential signals,

15 the path of the return current is along opposite sides of the shield. The helical wrap
creates gaps in the shield resulting in discontinuities in the current return path. The
periodic discontinuities produce signal attenuation due to resonance of the conductor set.
This phenomenon is known as “signal suck-out” and can produce significant signal
attenuation that occurs at a particular frequency range corresponding to the resonance

20 frequency.

Fig. 42 illustrates a twinaxial cable 7200, (referred to herein as Cable 3) that has a
helically wrapped film 7208 around the conductor set 7205 as a closest shield. Fig. 43
shows a cross section of a cable 7300, (referred to herein as Cable 4) having a cable
configuration previously described herein including a twinaxial conductor set 7305 having

25 30 AWG conductors 7304, two 32 AWG drain wires 7306 and two shielding films 7308
on opposite sides of the cable 7300. The shielding films 7308 include cover portions 7307
that substantially surround the conductor set 7305 and pinched portions 7309 on either
side of the conductor set 7305. Cable 4 has silver plated conductors and polyolefin
insulation.

30 The graphs of Fig. 44 compare the insertion loss due to resonance of Cable 3 with

that of Cable 4 The insertion loss due to resonance peaks in the insertion loss graph of
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Ag plated, 30 AWG Polyolefin dielectric - 3dB/m <10 ps/m Table 1:
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The insertion loss of cables having the cross sectional geometry of Cable 4 were

tested at three different lengths, 1 meter (Cable 5), 1.5 meters (Cable 6), and 2 meters

(Cable 7) The insertion loss graphs for these cables is shown in Fig. 45. No resonance is

observed for the frequency range of 0 to 20 GHz. (Note the slight dip near 20 GHz is

15 associated with the termination and is not a resonance loss.)

As illustrated in Fig. 46, instead of using a helically wrapped shield, some types of

cables 7600 include a longitudinally folded a sheet or film of conductive material 7608

around the conductor sets 7605 to form the closest shield. The ends 7602 of the

longitudinally folded shield film 7606 may be overlapped and/or the ends of the shield

20 film may be sealed with a seam. Cables having longitudinally folded closest shields may

be overwrapped with one or more auxiliary shields 7609 prevent the overlapped edges

and/or the seam from separating when the cable is bent. The longitudinal folding may

mitigate the signal attenuation due to resonance by avoiding the periodicity of the shield

gaps caused by helically wrapping the shield, however the overwrapping to prevent shield

25 separation increases the shield stiffness.

Cables with cover portions that substantially surround the conductor sets and

pinched portions located on ecach side of the conductor set as described herein do not rely

on a helically wrapped closest shield to electrically isolate the conductor sets and do not

rely on a closest shield that is longitudinally folded around the conductor sets to

30 electrically isolate the conductors sets. Helically wrapped and/or longitudinally folded

shields may or may not be employed as auxiliary shields external to the cables described.
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WO 2012/ 030367PCT/ US2010/ 060640 7804, and defl ection 7808 is neasured. The
force actuator 7810 is a 0.375 inch dianeter cylinder, driven at a 5.0

i nches pewormruBesscr osshead speed. Resul ts of a fiPCTUSR@S060630 NQ
setup 7800 for cables disclosed herein are shown in graph 7900 of Fig. 49
Curve 7902 represents force-deflection results for a ribbon cable 5(e.qg.,
simlar to the configuration of Fig. 43) with two solid 30 AWG conductors,
solid polyolefin insulation, and two 32 AW drain wires. The maxi mum force
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conductors, of t respective gauges.. The cabl es had po] ypropyl ene
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results at the maxi mum forfce points 8002, , 0 whi ch
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i xt hcol U vronanna SR et drshtn i cefbnds pe Rt RS A Mot -
maxisrum faeeB&wetn he@ohAittors 8DIhe2ab18She thewtiintThitiA O a GaMER AN QURtalk WO
2012/ 030367PCT/ US2010/ 060640 Conduct or gauge (AW
can be reduced by increasing the separation between the contact points, thus reducing the
inductive and capacitive coupling.
Figure 47 illustrates the far end crosstalk (FEXT) isolation between two adjacent
conductor sets of a conventional electrical cable wherein the conductor sets are completely
20 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.
The test method for creating this data is well known in the art. The data was generated
using an Agilent 8720ES 50 MHz — 20 GHz S-Parameter Network Analyzer. It can be
25 seen by comparing the far end crosstalk plots that the conventional electrical cable and
shielded electrical cable 2202 provide a similar far end crosstalk performance.
Specifically, it is generally accepted that a far end crosstalk of less than about -35 dB is
suitable for most applications. It can be easily seen from Fig. 47 that for the configuration
tested, both the conventional electrical cable and shielded electrical cable 2202 provide

30 satisfactory electrical isolation performance. The satisfactory electrical isolation

performance in combination with the increased strength of the parallel portion due to the
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Defl ection at maxi numforce (in.) Average maxi num force (Ibf) Standard
deviation (I bf) Max force (I bf) Mn force (Ibf) 24 1.2 0.207 0.005 0.214
0. 202 26 wO20/030370. 003 0. 114 0. 108 30 PCT/US2010/060640

ability to space apart the shielding films is an advantage of a shieclded electrical cable
according to an aspect of the present invention over conventional electrical cables.
Propagation delay and skew are additional electrical characteristics of electrical
cables. Propagation delay depends on the velocity factor of the cable and is the amount of
5 time that it takes for a signal to travel from one end of the cable to the opposite end of the
cable. The propagation delay of the cable may be an important consideration in system
timing analysis.
relative to an adjacent conductor set.
The high frequency isolation of the first insulated conductor relative to the second
10 conductor is a first far end crosstalk C1 at a specified frequency range of about 5 to about
15 GHz and a length of 1 meter. The high frequency isolation of the first conductor set
relative to the adjacent conductor set is a second far end crosstalk C2 at the specified
frequency. C2 can be at least 10 dB lower than CI1.
The difference in propagation delay between two or more conductors in a cable is
15 referred to as skew. Low skew is generally desirable between conductors of a cable used
in single ended circuit arrangements and between conductors used as a differential pair.
Skew between multiple conductors of a cable used in single ended circuit arrangements
can affect overall system timing. Skew between two conductors used in a differential pair
circuit arrangement is also a consideration. For example, conductors of a differential pair
20 that have different lengths (or different velocity factors) can result in skew between the
signals of the differential pairs. Differential pair skew may increase insertion loss,
impedance mismatch, and/or crosstalk, and/or can result in a higher bit error rate and jitter.
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
25 electromagnetic radiation, and can dramatically increase the bit error rate, in particular
jitter. Ideally, a pair of transmission lines will have no skew, but, depending on the
intended application, a differential S-parameter SCD21 or SCD12 value (representing the
differential-to common mode conversion from one end of the transmission line to the
other) of less than -25 to -30 dB up to a frequency of interest, such as, e.g., 6 GHz, may be
30 acceptable.
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1.4 0.0261 0.002 0.0284 0.0241 32 1.4 0.0140 0.0006 0.0149 0.0137

Tabl e 2: Force-deflection results for shielded ribbon cables with one
conduct orwpanr2/Ba3e7t he data in Table 2, it is possible troTasedlonmea0 | i near
regression of the form5y=nx+b on the |ogarithnms of conductor dianeters
versus the | ogarithnms of maxi num deflection force. The natural |ogarithns
(1n) of the forces in the third colum of Table 2 are plotted versus
natural |ogarithms of the respective dianeters in graph 8100 of Fig. 51.

The di ameters Qf.waéa c%@]!e c%gﬂbe% eé%d%d’l’ﬁ&@&e%? Og g Rt depd 5%16t&'f9[‘10

and 0.008, respectively. A least squares |inear ssion the curve in
gr aph 810De r@slubtoss inn Qahb pbﬁfumlt lemg/chngntfrapan dknfvﬁsr&w)skwmlﬂﬁﬁhn(/mam)ﬂ + 10. 0.
E{mf‘r’[ g;lp‘%}r‘;@gll ﬁg%élr%ggxg:iotgl D96 QRS hAR ThSAN aifd SR 3D GnbR! T OW N9

coax or other even unshielded wires. Shielded electrical cables described herein may
5 achieve skew values of less than about 20 picoseconds/meter (psec/m) or less than about
10 psec/m at data rates up to about 10 Gbps.

Jitter is a complex characteristic that involves skews, reflections, pattern dependent
interference, propagation delays, and coupled noise that reduce signal quality. Some
standards have defined jitter as the time deviation between a controlled signal edge from

10 its nominal value. In digital signals, jitter may be considered as the portion of a signal
when switching from one logic state to another logic state that the digital state is
indeterminate. The eye pattern is a useful tool for measuring overall signal quality
because it includes the effects of systemic and random distortions. The eye pattern can be
used to measure jitter at the differential voltage zero crossing during the logic state

15 transition. Typically, jitter measurements are given in units of time or as a percentage of a
unit interval. The “openness” of the eye reflects the level of attenuation, jitter, noise, and
crosstalk present in the signal.

Electrical specifications for 4 cable types tested are provided in Table 1. Two of
the tested cables, Sn1, Sn2, include sidebands, ¢.g., low frequency signal cables. Two of

20 the cables tested, Sn2, Ag2 did not include sidebands.
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As previously discussed helically wrapped shields, longitudinally folded shields,

and/or overwrapped shields can undesirably increase cable stiffness. Some of the cable

configurations described herein, such as the cable configuration shown in Fig. 43 can

provide similar or better insertion loss characteristics to cables having helically wrapped,

longitudinally folded and/or overwrapped shields but also provide reduced stiffness.

The stiffness of a cable is characterizable as an amount of force needed to deflect

the cable by a distance. In reference now to Fig. 48, a block diagram illustrates a test

setup 7800 for measuring deflection of a cable 7801 according to an example embodiment

of the invention. In this setup, the cable 7801 is initially laid flat across roller-type

supports 7802 as indicated by dashed lines. The supports 7802 prevent downward motion,

but otherwise allow free movement of the cable in a side-to-side direction. This may be

analogous to the constraint of a simply supported beam, ¢.g., a beam that has hinged

connection at one end and roller connection in other end.

The supports 7802 in this test setup were 2.0 inch diameter cylinders separated by

a constant distance 7804 of 5.0 inches between the top sides of the cylinders (e.g., 12

o’clock position when viewed from the perspective seen in Fig. 48). A force 7806 is

applied to the cable 7801 via a force actuator 7810 at a point equidistant between supports
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constructions exhibiting such properties should be nmeasurably nore flexible
t han equi val ent w apped constructions. 20ltem 1 is a shielded electrical
cabl e, cONPr20BY/030367 one or nore conductor sets ext @qwiusgoialocnsgo a

| ength of the cable and being spaced apart from each other along a w dth of
t he cabl e, each conductor set having one or nore conductors having a size
no greater than 24 AWG and each conductor set having an insertion | oss of
less than -20 dB/neter over a frequency range of 0 to 20GHz; and 25fir st
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30wherei n a maxi num separ ati on between the first cover portions of the

first andegesunidar twhexonfisw30esTHAE 482010MWEcOE4G 0shVél eindyctbrs, pdid s D, a
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each conductor set is |less than about -5 per neter. I[tem6 is the
cabl e of antd&904., Gahenldy,nt 18 leepdchsighatitbnappdsstiaf ofghe forcoofdled tif ogdlie i s | ess

e o gL TP b B0 SShb ST gl L 11
15 deflection in the direction of the force of at least 1 inch. It should be apparent that the
cable represented by curve 7904 would deflect about half that much.

In Fig. 50, a graph 8000 includes results of a subsequent test of cables according to
example embodiments of the invention using the force deflection setup of Fig. 48. For
each of four wire gauges (24, 26, 30, and 32 AWG), four cables were constructed, each

20 having exactly two solid wire conductors of the respective gauges. The cables had
polypropylene insulation with shielding on both sides, and no drain wires. The force was
measured for every 0.2 inches of deflection. Table 2 below summarizes the results at the
maximum force points 8002, 8004, 8006, 8008, which respectively correspond to the
results for the sets of cables with respective conductor gauge sizes of 24, 26, 30, and 32

25 AWG. The fifth and sixth columns of Table 2 correspond to the respective highest and

lowest maximum forces of the four cables tested within each gauge group.
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Item8 is the cable of item 1, wherein the cable has a skew of |ess than
about 20 psec/neter at data transfer speeds of up to about 10 Ghps.

ltem 9 i swOhel2ssideg of item 1, wherein the cabl e has a fkewsed10loemso t han
about 10 20psec/neter at data transfer speeds of up to about 10 Gbps.

Item 10 is the cable of item 1, wherein a characteristic inpedance of the
cable remains within 5-10 % of a target characteristic inpedance over a
cable length of about 1 nmeter. Item 11l is the cable of item1l, wherein the

one or nore é&‘i‘@&&{ap DRAE&InCITPN Av&rade 201 Stardard ONm%O' | Ve and a second
conduct or Se%?t:l ac ;%cy’“ﬁﬁ)lrdse ﬁ‘gg e ila[i% :ﬂ@g‘{ .a‘\f" cgonfluc_t or a][\d ﬁ
second msulﬁ é&lcon Eq(}};é) n am%lcég b Le.%i)ncy e &ﬁ Fi Ejt f)l sol ati on of the

ond

first insul Pl ot iductor in

! ~rand | o

each conduct%ﬁ set | sTgubstanti ay- 9/7Iess tot@ﬁ a hi%lﬁ%r N e cy electrical

i sol ation ofygdhe fiT5],,conductofy$ef rel agigpe 'O g ¢4 aggpg c¢onduct or set.
30ltem 12 ils the cable of item[11, whereiln the hi 3(?} 1P€e:1u'encv i sol ati on of

the first in3ul ated codductor ried.626lve t oO0tdd2 secohf2&bnddedbr is a first
far end crosstalk—GC+at—a—WD-2012/03036FPCTUS2010/060640—speci fi ed

T 1 UOUTUOCT ESTZ A~ AT A ~ A i~ apare

frequency ra%e of 3114 G+ and %Oi‘g%gth 910096 et e‘?-pl‘bgnjotorllé)fhi gh frequency
isolation of the fir d r T el ard PPy | ent conduct or set
is a second f ) %@‘évig}aglge%&fi%zﬁfe%f&% I?s{[;letgélﬁ)frisel reﬁggﬁgy, and wherein C2
is at least 1 H Mower & AN P%em 13 is the cable of item1l, wherein
di/Dis less than 0.1. 5ltem 14 is a shielded electrical cable, conprising:
a plurality of conductor sets extending algong a . length of the cable and

bei ng spaced diathe datain Bdin2.dt Koesablsigypataing hness regessioamt éhe fegmn

condyct Ory%b%vﬂhg%é%ﬂﬁmﬂo&%ﬁ&&&& &1@4&@& Rrstls fife IB%?&@SEF?ﬁgn 24 AVG

and each “conductor s aving a signal attenuation 0
dB/ et er deflectiam foreeqUénoyturd hgericimO(1b oo f2BEGHrcesin dte thed soluomeofdrable? wi r e;

and first and second shi el di fil s .di sposed .on opposite _sides of
the cabl ér°PRE VFists S GeEgHaTS T BieqPingHTs FRmpSEy ety ader Flﬁogf i ons
and pi nchag KahikbQnt 28! FAREEhISHCAWG wires are 0.0201, 0.0159, 0.010, and 0.008,

respectively. A least squares linear regression of the curve in graph 8100 results in the

A%

10 following fit: In(Fpax) = 2.96*In(dia) + 10.0. By solving for Fp,x and rounding to two

significant figures, the following empirical result is obtained:

Fomax = M *dia’, where M = 22,000 1bf/in’ [1]

15 Equation [1] predicts that a similar cable made using two 28 AWG conductors
(diameter = 0.0126) would bend at a maximum force of 22,000*0.01263 = 0.044 1bf.
Such a result is reasonable in view of the results for other gauges shown in Fig. 49.
Further, Equation [ 1] may be modified to express the individual maximum force (Fpax.

single) for each single insulated conductor as follows:

20
Frnaxcsingle = M *dia’, where M = 11,000 Ibf/in’ [2]
The individual forces calculated from [2] for each insulated conductor (and drain
wires or other non-insulated conductors) may be combined to obtain a collective
25 maximum bending force for a give cable. For example, a combination of two 30 AWG
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that, in transverse cross section, the cover portions of the first and
second filns, in conbination, substantially surround each conductor set,
and the pwoched3psrti ons of the 15first and second fil npCTius2@ionbicn@t i on,
form pinched portions of the cable on each side of each conductor set,
wherein, for at |east one conductor set, a separation between the drain
wire and a cl osest conductor of the conductor set is greater than 0.5 tines
a center to center spacing between the two conductors of the conductor set.

ltem 15 5446 3620ke Qlred ﬁ&&‘[ﬂ%‘é1ext$\&%&ﬁg@1a%‘§rﬂa&ﬁﬁﬁrh%@ﬁﬁh%%e’%is@inc@?ﬁbe
conductor set is 20less than about -5 dB per neter or |esSs than about -4 dB
per net erqf 026l €9 18 rah 03blolbf. TBis dehigker thast the 0.026 dbfl viebud et ecwrabl8020f it em

nan' abodt! H6- B BRAGERR i SR @i ol b B-BB5H 50 g2, 1t om

17 is theagRblRiPVirkd. odver WIBHK & UTf@erfRah BBExpeétbd TRPGDANGROh thhie cabl e
25remains within 5-10 % of a target characteristic inpedance over a cable

| engl h oftestedheabéy are npeisulgtefl sthercbhimekigdhetcsied chldamasafexblegbampihicsi ng:
a plurali of conduct or sets extend l ong- a th of .t cabl e and
el o <pabtarfissPRe Bishralfufe RV SRR ufd BF UekBrabl'® AR T

conduct orhigietisd h@awioTGehdibg €osIGhivhSvaild adlyBsmore Bextivie il Bdoneeiifdngur at i on,
each of the conductors having a size no 30greater than 24 AWG and first
and secoriraBpidedalilen P Vsl einpssiser usimedisiyaten 21 ferdfedr 3 ANHE vaEmsI BS nei t her

shi el din J: C rd.Si ' inal i -1 Al in

i m to aavarprRRELaaR: 5| OABLSE pl D8 Bt ahy et PR B o
bot h0 si desnwdntiohal wapp&l cabteaeaicnrnedtdi4 coRguds.off tsedranasiraninithserdppod | 0Ss
of less th -20.dB/ neter .over a frequency ran of 0.to 20GHz, and .an
hsert orfep BT aIB L GO e G eHTEE S50 Cepul S BRS¢ em 19
is the cahl&ephighteMudithunt Hrlder conprising at |east one drain wre,
wher ei n

A number of other factors could alter the results predicted by Equations [1] and
[2], including the type of wire insulation (polyethylene and foamed insulation would likely
15 be less stiff, and fluoropolymer insulation more stiff), the type of wire (stranded wires
would be less stiff), etc. Nonetheless, Equations [1] and [2] may provide a reasonable
estimate of maximum bending forces for a given cable assembly, and present ribbon cable
constructions exhibiting such properties should be measurably more flexible than
equivalent wrapped constructions.
20 Item 1 is a shielded electrical cable, comprising:
one or more conductor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each conductor set having one or more
conductors having a size no greater than 24 AWG and each conductor set having an
insertion loss of less than -20 dB/meter over a frequency range of 0 to 20GHz; and
25 first and second shielding films disposed on opposite sides of the cable, the first
and second films including cover portions and pinched portions arranged such that, in
transverse cross section, the cover portions of the first and second films in combination
substantially surround each conductor set, and the pinched portions of the first and second
films in combination form pinched portions of the cable on each side of each conductor,

30 wherein a maximum separation between the first cover portions of the first and second
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S5the first and second shielding filnms include cover portions and pinched
portions arranged such that, in transverse cross section, the cover

porti ons Wb 20te3b3erst and second fil ns, in conbinati on, PEThst@00G@H v
surround each conductor set, and the pinched portions of the first and
second filnms, in conbination, form pinched portions of the cable on each
si de of each conductor set, wherein, for at |east one conductor set, a
separation between the drain 10wire and a cl osest conductor of the

conduct o rsh&%in% filds 83 %%ﬁﬂﬁﬁﬂm%e?ar‘éﬁ&?@et@e&%% %"rst@%cﬁ@é[‘f;&‘hoﬁ?@fcﬁlg Grdet ween

the two conductfors of the conductor set m 20 he cable of item
18, wherehdsﬁhmdmhshhﬂgﬁhnSmsBzmmxbﬁbhlﬁmﬂﬁmcbont&éﬁ is |l ess than about -5
net er, | ess than a

dB per neter ss, th a -4 dB.

por et er 151 Sk S8 Bl B e T i PR T RS CAIBORESa skew
of |ess tlﬁanwﬁiasam ar@&hg?fn%ﬁ( ARIBE iRbrtiof 3Sss DA RGO RS 86AdTRIR ket is

Item 22 is the cable item 18, wherein a characteristic inpedance of the

cabl® rerdboniszew-t hin 5-10 % of a target characteri stl c |rrpedance over a
cable Iength a t el ectrl S cabl e,
corprising: | Nent 33 bR bE ferg AR s Sne Bl ot BHES Bl iRt °t ne
cabl e andnlaewngxﬁlpaﬁmgeﬁﬁﬁf tind b a6MAAL hseitide los vdthguainkérdbh ldsi, dﬁéne) cabl e,
each of the conductors sets conpr|5|ng two conductors arranged in a

t wi naxi alTes¥waRGegs pbeyt O, tinarhc dpsHigatlow duade ryorense obthgsopdwarset. t han 24

AWG and 25fir I si des of
t he cabl e, neﬁ?%la%gﬁle ?ggﬁghﬁﬁg%g%%ééé ggégggﬁgfgﬂ?gﬁgﬁggggh
shi &b di ngaefwéelmth@pmbhﬁeil;fqrtiwkmrfe]nmslﬁadﬂngcfﬂmduct or set has an insertion |oss

of | ess than -20 dB/ neter oyer frequency ran to 20GHz and an
i nsertion |ossltearagl%f8%@69 H@ﬁ, %H)fthﬁh%@eew%ﬁa&%"@a%@nﬁgctawms 8% 0.

ltem 24 g4 heucabhs Lem 23, further conprising at |east one drain
wre, mherzln gOthe P?&gt and second shielding films include cover portions

and pi nc hed pdteni 6m$tha|caldngédersdciwhbﬂ¢at the imsettromr essenf sechceandscteest isdass t he
cover ons of t t and second filnms, in WO

2012/030 %ﬁb%ﬁ%ﬁBﬁé@b? ﬂb conbi nati on, substantially surround each .
conggict or set,jtcand id fhe cameghﬁéhlnomlb&ﬁﬁth@ﬁnstehﬁ)nflbgs&;f cadfecnaG@Besd id 18%, 1 0
conbi nati on, form pi nched portlons of the cable on each side of each

onductoﬁh@eﬂxm%héﬂﬁﬁmdffor at | east one conductor set a separatlon

between the dg %1 § 18 tlilg cgbrig o?%tgrlnqs %ere?notrﬁgucbl Iilas a skew o esquan a u??(s
greater than i'mes "a center t

psec/meter at data transfer speeds of up to about 10 Gbps.
Item 9 is the cable of item 1, wherein the cable has a skew of less than about 10
20 psec/meter at data transfer speeds of up to about 10 Gbps.
Item 10 is the cable of item 1, wherein a characteristic impedance of the cable
remains within 5-10 % of a target characteristic impedance over a cable length of about 1
meter.
Item 11 is the cable of item 1, wherein the one or more conductor sets comprise a
25 first conductor set and a second conductor set, each conductor set having a first insulated
conductor and a second insulated conductor and a high frequency electrical isolation of the
first insulated conductor relative to the second insulated conductor in each conductor set is
substantially less than a high frequency electrical isolation of the first conductor set
relative to an adjacent conductor set.

30 Item 12 is the cable of item 11, wherein the high frequency isolation of the first

insulated conductor relative to the second conductor is a first far end crosstalk C1 ata
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5center spacing between the two conductors of the conductor set. ltem
25 is the cable of item 24, wherein a maxi num separation between the first
cover porwpanr/b3srhe first and second shielding filnms PETDS2&00608H0MLUM
separation between the first pinched portions of the first and second
shielding filns is dl, and di/Dis |less than about 0.25. 10ltem 26 is the
cable of item 24, wherein each shielding film individually, surrounds |ess
than all of a periphery of each conductor set. The enbodi nent s

di Scusse%gl?é]ﬁ&i‘fré fHhget %?'E)F%fl@‘(ﬁ{?%?d“a %‘ng S&frl%&gr %ﬂ?th%%gﬂ' fr@(@@ nfgrein for

pur poses escr tion referre nbodi ment appreci at ed
by 15t hod&® e)tforbqfdh%ﬁlfsp canduptor et rﬁlﬂ‘éVea‘iOtth‘f pipceat (RNYBCPR Pt a3 SesPndfarspdat e
and/ or eqmmllkemz at ﬂi@kpéﬁi‘ﬂ'%@ﬂré@@ﬁqﬁ ah€ whatcadCh & ackiseVedB hew&anm Eur poses

may be subst| s CI fic,enbo and descri bed w thout
departing fro 23 sgcthf)«%&g‘fo e whetsin i (?gggﬂ??s&ﬁ ose with skill in the
mech@ani cal , elleot ﬂ@israeslllneidnctaéqtrleaidalﬂbemrrrprrsaig arts will readily appreciate
that the present ven i nted in a_.ver de 20vari ety of
enbod nent s FLTE Rty B ety bt el st
vari ati ongaQfrdnh8ach i@ hld a%&%ﬂfﬁ@&aﬁbléj'eﬁ&iléfcﬁﬁgctﬂﬁe%hﬁ‘vmg gs ef or e it is
mani festly intended that this invention be limted only by the clainms and

t he equi vahdutershhengefsize NA@r&dd2hOBYBE WEThISKDIDh 60640t hhang # sigodlai med

hi el.ded .el it f
LGduct orattgglf'azlo&e?lfgere?ﬁfe eg gf%éne&ec%ﬁbg ﬁegﬁe%%ig@gﬁg%%%afﬁ% Ingysgaced
S5apagt from ea&l[ba@tt(h@rdrahaﬂg: an(w dth of the cable, each conductor sets

havi ng two conductors arran ed in a twnaxial confi guration, each of the
conduct or s haviitiging ss¢one shisTgpe fitray disprsad 2 oppusite aidgs of the caplpythe figshd second

shicel di ng, fjig E&%d‘!hﬁ ggr?ﬁ nS{&Bﬁwg' ég%tf#oqgénsoafndE{Jﬁlecpgc?BJ)t%bn?%#a{nggé féﬂ' el ding

fllmcorrprlsmga t orien mto
cover t h&haxpmctmmdmgmromsmﬁn tHeadoRespatasnsadt thdBrsc aldd @comhBingd, ih each
ss_of |ess than -20 dB/ neter ov

f ?2332%8&0%&51@23& S%gst'@lgt? fyt@@gal i CPRAEIiSE APGEE Nsed BoRBEBRAEMEE of t he
congyict org @l sécdﬁlacmﬁls, 8 @mbination, form pinched portions of the cable on each side of

each conductor set, wherein, for at least one conductor set, a separation between the drain

wire and a closest conductor of the conductor set is greater than 0.5 times a center to

center spacing between the two conductors of the conductor set.

Item 15 is the cable of item 14, wherein the insertion loss of each conductor set is

20 less than about -5 dB per meter or less than about -4 dB per meter, or less than about -3 dB
per meter.

Item 16 is the cable of item 14, wherein the cable has a skew of less than about 20
psec/meter or less than about 10 psec/meter at data transfer speeds up to about 10 Gbps.

Item 17 is the cable of item 14, wherein a characteristic impedance of the cable

25 remains within 5-10 % of a target characteristic impedance over a cable length of 1 meter.

Item 18 is a shielded electrical cable, comprising:

a plurality of conductor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each conductor sets having two
conductors arranged in a twinaxial configuration, each of the conductors having a size no

30 greater than 24 AWG; and
first and second shielding films disposed on opposite sides of the cable, neither

shielding film comprising a longitudinal fold that orients the shielding film to cover the
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2. The cable of claim1, further conprising at |east one drain wre,
wherein the first 15 and second shielding filnms include cover portions and
pi nched peotzomsom’r anged such that, in transverse cros®CIAské0ncocihe cover
portions of the first and second filnms, in conbination, substantially
surround each conductor set, and the pinched portions of the first and
second filns, in conbination, form pinched portions of the cable on each
side of each conductor set, wherein, for at |east one conductor set, a

separ at i Qi BEhyEeR dnktﬁ)tlgglaiz| f"i’hé E’a‘tﬂ‘@ G iRraR eh@S&aHu GONAY 1M 1ﬁ§ertt1(})1'?lo S

conductor set Is greater t ti'mes a center to center spacing between
t he two odichy ¢hanr-§0 dB/mhéter ax\@mdlfmq(wncsreange of 0 t8 20Tk apdlah enseftianl lassnduk,

wher ei n the i nserti.gn | oss  of aég conductor set is less than about -5 dB
per net ert© 6?°P@§§°fﬁ§ﬁ”3§ (P U SEBOW e et er, or |ess than about -3 dB per

25neter. 4. T ¢aR e 04b1€ bRitdh 18, MRBEEIMpRfeCA NSt BRUr@in SKRWWAEriESS
than about 20 psec/neter or |ess than about 10 psec/ neter. 305. The cabl e of

claiin 1, thh&rsepnd @C@nﬁhssla@ld@:afﬁmsenqllmﬁtﬁe@am@orbon&amé raedbice ppdions agangicd hi n

5-10 @6of characteris gve o] of about 1
meter . VBB Al SR SR BB b ohORaGe PatcRY B8 il g e iaf indpr e,
conpri si rt@rnblnatlon SubpthattiAlyi suyro@ihd erRAduedtorext, endlindgirdhedgodiohesdthd of the
cabl e and bei ng spaced apart fromeach other along a width of the cable,

each of tiH& adnaernddimssBieombansionsiony poiched pergoceldhs calile anged side of
|
tw naxi a ea&?@éddgwc)?%ét% or 1%%@9[%%%53 rhgm;}élh{#%g@%lﬁéspégasdgg WheRhGhe &N 24

AWG and seéon on opposite sides
of the cabireandreclbbst calduetbdofc tohduceorgris gicagr ehaadaimitmbad choads t he
shielding filmto itself, wherei each conductor set has an insertion |oss

of |ess ta7&isT sza@m@éaeﬁﬁ?e@rth%wc peieERLARS CgHEfeT 8 0 to 1020GHz and an
insertion I OSSItéilﬁ‘QO §sQht ESRDBNESN h@saha&nttﬂ@m@aﬂeﬂ 83sQbf S&h (foﬁd&fea%t %ero.

7. The cable of claim6, further conprising at | east one drain wre,

wher ei n ﬂhethmréXmaﬁUﬂsp@nnd£EMHemdhmgmmm¢ﬂ%dipchuder©okm$ﬂpomb@ﬂn$d3nd

pi nched portions arranged such that, in transverse cross section, the cover
portions R 5?“1&% first and second films, in combination, 15substantially

surround each IRANJUGHAE cARS of ARA 1RNRhRLAGHECHHROR LS :OREwaSF 1 ehah abBht 2Nd
second psec/meter or less than about 10 psec/meter.

Item 22 is the cable of item 18, wherein a characteristic impedance of the cable
remains within 5-10 % of a target characteristic impedance over a cable length of about 1
meter.

20 Item 23 is a shielded electrical cable, comprising:

a plurality of conductor extending along a length of the cable and being spaced
apart from each other along a width of the cable, each of the conductors sets comprising
two conductors arranged in a twinaxial configuration, each conductor having a size no
greater than 24 AWG; and

25 first and second shielding films disposed on opposite sides of the cable, neither
shielding film comprising a seam that bonds the shielding film to itself, wherein each
conductor set has an insertion loss of less than -20 dB/meter over a frequency range of 0 to
20GHz and an insertion loss due to resonance loss of the conductor set is about zero.

Item 24 is the cable of item 23, further comprising at least one drain wire, wherein

30 the first and second shielding films include cover portions and pinched portions arranged

such that, in transverse cross section, the cover portions of the first and second films, in
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films, in conbination, form pinched portions of the cable on each side of
each conductor set, wherein, for at |east one conductor set, a separation
bet ween tWe 2dr2ai3mseéni re and a cl osest conductor of the ceodSew/0s@Ho | S
greater than 0.5 tines a center to center spacing between the two
conductors of the conductor set. 20 8. The cable of claim7, wherein a
maxi mum separati on between the first cover portions of the first and second
shielding filnms is D, a mninmmseparation between the first pinched

Phan abour"s SEon kAR aRAaH SRRt TR e RO b e S P m

i ndi vi dudistygndsacanduiors, m@@mbutta&nn,aﬂotm@incaecppontlpheoﬁ/thoba‘téaoh cachraddecefor set .
each conductor set, wherein, for at least one conductor set, a separation between the drain
wire and a closest conductor of the conductor set is greater than 0.5 times a center to

5 center spacing between the two conductors of the conductor set.
Item 25 is the cable of item 24, wherein a maximum separation between the first
cover portions of the first and second shielding films is D, a minimum separation between
the first pinched portions of the first and second shielding films is d;, and d/D is less than
about 0.25.
10 Item 26 is the cable of item 24, wherein each shielding film, individually,

surrounds less than all of a periphery of each conductor set.

The embodiments discussed in this disclosure have been illustrated and described

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

15 those of 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

20 variety of embodiments. 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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What 1s claimed is:

1. A shielded electrical cable, comprising:

a plurality of conductor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each conductor sets having two
conductors arranged in a twinaxial configuration, each of the conductors having a size no
greater than 24 AWG; and

first and second shielding films disposed on opposite sides of the cable, neither
shielding film comprising a longitudinal fold that orients the shielding film to cover the
conductor sets on both sides of the cable, wherein each conductor set has an insertion loss
of less than -20 dB/meter over a frequency range of 0 to 20GHz and an insertion loss due

to resonance of the conductor set is about zero.

2. The cable of claim 1, further comprising at least one drain wire, wherein the first
and second shielding films include cover portions and pinched portions arranged such that,
in transverse cross section, the cover portions of the first and second films, in combination,
substantially surround each conductor set, and the pinched portions of the first and second
films, in combination, form pinched portions of the cable on each side of each conductor
set, wherein, for at least one conductor set, a separation between the drain wire and a
closest conductor of the conductor set is greater than 0.5 times a center to center spacing

between the two conductors of the conductor set.

3. The cable of claim 1, wherein the insertion loss of each conductor set is less than
about -5 dB per meter or less than about -4 dB per meter, or less than about -3 dB per

meter.

4. The cable of claim 1, wherein the cable has a skew of less than about 20

psec/meter or less than about 10 psec/meter.

5. The cable of claim 1, wherein a characteristic impedance of the cable remains

within 5-10 % of a target characteristic impedance over a cable length of about 1 meter.
g p g
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6. A shielded electrical cable, comprising:

a plurality of conductor extending along a length of the cable and being spaced
apart from each other along a width of the cable, each of the conductors sets comprising
two conductors arranged in a twinaxial configuration, each conductor having a size no
greater than 24 AWG; and

first and second shielding films disposed on opposite sides of the cable, neither
shielding film comprising a seam that bonds the shielding film to itself, wherein each
conductor set has an insertion loss of less than -20 dB/meter over a frequency range of 0 to

20GHz and an insertion loss due to resonance loss of the conductor set is about zero.

7. The cable of claim 6, further comprising at least one drain wire, wherein the first
and second shielding films include cover portions and pinched portions arranged such that,
in transverse cross section, the cover portions of the first and second films, in combination,
substantially surround each conductor set, and the pinched portions of the first and second
films, in combination, form pinched portions of the cable on each side of each conductor
set, wherein, for at least one conductor set, a separation between the drain wire and a
closest conductor of the conductor set is greater than 0.5 times a center to center spacing

between the two conductors of the conductor set.

8. The cable of claim 7, wherein a maximum separation between the first cover
portions of the first and second shielding films is D, a minimum separation between the
first pinched portions of the first and second shielding films is d;, and di/D is less than
about 0.25.

9. The cable of claim 7, wherein each shielding film, individually, surrounds less than

all of a periphery of each conductor set.
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